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INTRODUCTION 



If you are interested in designing and building a passive solar 
greenhouse, this manual should help. It is a how-to tech- 
nical guide for do-it-yourselfers' that emphasizes durable, low- 
cost construction techniques. 

This Guide is not written for the novice builder. It should, 
be treated as a supplement to existing literature on solar green- 
houses and standard construction practice. Details that snow 
how to mix concrete, build a stud wall or frame a door can 
be found elsewhere This Guide details more specific construc- 
tion techniques that accommodate the energy-efficiency* and 
light transmission requirements of a passive solar greenhouse 
The authors assume that the readers understand what is 
meant by a "solar" greenhouse. Unlike a conventional green- 
house, a solar greenhouse uses glass or some other glazing 
primarily on the southern exposure. Most other surfates— in- 
cluding the other walls, foundation and even paft of the'roof — 
are well-insulated to retain heat. Additionally, a solar green- 
house must Contain heat-storing material — such as water in 
barrels or. masonry —.to store solar heat for nights and cloudy' 
days. Heat bills for'a solar greenhouse are much less because 
thermaT-storage, along witfrair-tight, energy conserving tech- 
niques greatly reduce the use of a backup heating system. 
What's more, a solar greenhouse can' be designed to supply 
heat-to an attached building — operating as a large solar col- 
lector ... ■ 4 . 

The Guide is divided into four parts Part I briefly reviews 



the needs, uses and economics of building and owning a pas- 
sive solar greenhouse. Part 1 1 outlines the preliminary planning 
required in deciding the appropriate location, size and shape 
of a solar greenhouse. Part III discusses each component of 
a greenhouse, reviewing alternatives and detailing construc- 
tion techniques for, foundations, framings, glazings, venting 
systems, heat storage and various interior management parts* 
Part IV, the Resource Directory, provides a national list of 
solar greenhouse resource groups and individuals, a compila- 
tion of greenhouse supplies and components (referenced 
throughout the text), and an annotated bibliography of green- 
house references. 

The Guide concentrates on low-cost building details that 
minimize material costs and maximize labor. Because the tar- 
get audience is do-it-yourselfers, it is assumed that labor is 
more available than money. Also, the alternative designs and 
construction techniques sometimes differ from common 
practice. In such cases, builders are urged to modify the recom- 
mendations to satisfy their local conditions. 

A solar greenhouse must be designed to complement its 
specific site as well as its builder's'. Skills and resources. By 
presenting a number of alternatives, the Guide is intended to 
promote the design and ; : constructipn of low-cost solar green- 
houses that complement differing sites, building skills and 
available resources. Pending feedback from readers and 
builders, the Guide will be updated with each new printing 



Part 1 

PERSONAL AND 

ECONOMIC CONSIDERATIONS 



Are you a homeowner hoping to reduce your heating costs' 1 
Would you like to have a room in your house where it is 
always warm and sunny? Are you a vegetable lover searching 
for a source of year-round fresh produce" 1 Art* you a frustrated 
gardener looking for a way to extend a short summer grow- 
ing season? ' '' 

It is important to ask yourself such questions, because you 
must determine why you want to build a solar greenhouse 
and whether a greenhouse is the best way to help satisfy your 
individual' needs Sound decision making and early planning 
can avoid false expectations. Building and maintaining a solar 
greenhouse requires a commitment — just "how great a com- 
mitment depends on how the greenhouse is to be used Time, 
personal energy, and money are three necessary resources, 
and you must determine how much of each you areab/e and 
willing to spend 

This- chapter is designed 'to help you decide if a solar 
greenhouse is' appropriate to your needs before you start 
buifding First, we wjll discuss the mam reasons tor buiidmg 
a solar greenhouse and the needs it can till Secondly, we 
will present alternatives that can meet the same needs as a 
solar greenhouse (Often, a less expensive and less time- 
consuming alternative can be rrtore suitable 1 Finally, for those 
who decide that a solar greenhouse is the right option, we will 
review general management skills needed tor greenhouse use 
For example, greenhouse gardening is somewhat different 
than outd'oor growing Likewise, a home-heating'system that 
iitilL/es a solar greenhouse requires a good deal more atten- 
tion than simply adjusting, a thermostat 

\ Hi St \ \> I SI s < )i \ M M A R <\ K i\ \ HOI Si 

While (here are a number o! good reasons to. build a solar 
greenhouse, the two m'ost practical |ust ii leaf ions are. to pro- 
vide heat ,!nc! to grow- tooc! It attached to a heated building, a 
solar .greenhouse can pros-.ide some heat on sunny days phis 
a Luge quantity of fresh vegetables thVo'ughout the sear Thus, 
hea t mg bil Is a nd food costs can be reduced 



Supplemental solar heat can be unsized when a g/eenhouse 
is attached So the living space of vour home. Often on sunny 
days, parrtcutaris in- the spring and fail, t hp, greenhouse will 
collect more heat ;han it can use immediately or store for 
later release. This excess heat, along with humidity a.nd oxygen 
produced in the greenhouse, can be vented into the house via 
an open door or window, or through a vent A well-designed, 
weil-built attached solar greenhouse mav'cut heat bills by 
10 to 10 percent, depending on the size of the house and the 
greenhouse, as well as other factors. The oxygen and humidity 
^rserally will make the jjouse much more comfortable dur- 
ing the winter. 1 o be most useful, this excess heat must be 
'vented into an "at h\ <•" par! of the house (e g , the living room 
or kitchen] rather than to a storage room or. unused bed- 
room. 

A solar greenhouse also can be used to produce food. On 
cold, sunny davs, excess solar, heat still can be vented into a 
home However, a good deal of, heat is required inside the 
•greenhouse.to support a suitable growing environment. More 
heat storage is placed inside the greenhouse and a back-up 
heating svsterHj.5 usually required for the coldest nights and 
cioudv davs.- (One convenient option is to reverse the vents 
and use house air to heat the greenhouse.) In any event, 
the small amounts of energy used to keep a well-designed 
and built greenhouse warm can pay fruitful dividends. 

The nutritional benefits of fresh-grown produce are great. 
Vegetables ran he raised to the peak of ripeness for immediate 
eating when nutrient values are highest Caretul planning of 
( rops ( an permit sou to <-niov t/esh vegetables during most 
(A the year f urther sou base control oser the food growing 
proceis in vour •greenhouse — sou control what, if any, chemi- 
cals are used For example caretul managment can eliminate 
the need for pesticides and fer:i!t7;:fs An added benefit is the 
Iuvjp, of gross ins arc consuming certain out-of-season vege- 
tables sshLc h are often too high-priced Finally, if the green- 
-hou"? .s -,c* :c. ex;jer = ,'.-»^to oj'lc, and sou are prepared to 
it:z+ •-.;**-.. n-- o—.-n'i t^-.-nts mcnr: < an. be saved hs 

^rc /. . r _; j -u r t " -o ^ - 1 r ; * * ' - r _ - 



Additionalls", .there are various other benefits of a solar 
greenhouse. It provides an opportunity to extend outdoor 
growing seasons— -a place to start seedlings in spring or to 
bring in plants from the garden as winter approaches. A small 
greenhouse can supply enough seedlings for several gardens. 
In fact, a small "pin money" operation is possible as starts or 
ornamental plants can be raised in the greenhouse for sale. 
(For the more ambitious, a profitable small business is feasible, 
given the right economic conditions — see the section on'com- 
mercial greenhouses in Chapter 2 for more deta'ils.) And, dur- 
ing the coldest svinter months when growing activities are. 
curtailed, the greenhouse can be used solely as an air heater, 

I he oxygen and humidity generated in a greenhouse en- 
vironment have, health benefits as well, particularly in areas 
where the winter' humidity tends to be low. What's more, the 
carbon dioxide generated by residents of the house is a benefit 
to greenhouse plants. 

Finally, a sun'-space, or solarium, is a useful addition to 
almost any home, and a s'olar greenhouse can be'used as 
such — a place to sit in the sun, using the solar heat quite 
directly to warm your body. If you pattern your living habits 



A greenhouse or.cold frames: Which suits your needs? 




to spend a Jot.of time in the greenhouse/solarium,' the rest.pf ; 
the housle often can be, set at a cooler .temperature, thereby 
saving heat (rather like sitting by .the fireplace). Of course, if ' 
you are wealthy you need: no greater justification to build a i 
solar .greenhouse than '.the attractive esthetTc^ef^having. ^ 
green-filled room adjacent to'^our living space. . -i' 

' '-WHAT ARE THE ALTERNATIVES? 

•'•Before a decision is made to build a greenhouse; it is imper- 
ative that each prospective builder carefully 'exarnine alte> 
natives, some of which can' often be less expensive and 

. less trouble than. a greenhouse. To reduce home heating bills, 
the best alternative to a solar greenhouse i-s horrie.weatheriza- 
tion, Xhe money -Invested fn insulation, double-^ferzlng win- * 
dows; caulkjrtg .^and^general tightenin^pj^f^ house, will' >■ 
be- repaid much more'quickly in fud savjjrg^than will money" 
spend for any type of solar heating. Then, once your house is 
well-insulated.,.you could consider a simple solar air-heater 
to supplement your home's heat. A properly sited, sized and " 
installed solarfair heater with no heat storage can supply up 
to15 percent of yduA. heating needs. (Plans for such a unit are •-■ 
available from the Dbrnestic Technology Institute, -Total Eri- 
virohmentarAction, and/others — see Resource List.-),. 

-As" for fresh food production, a fully utilized outdoor garden 
is. a good' option. Explore aNJ possibilities* of availablejjajdeff''" 
space. If you live in a city, an empty lot on a qujei-s-tfe'et could 
be used fpr a community garden Ajs.cv^trTk about extend- 
ing several months with. coJ4Jfa^ries^or hot boxes (Figures 
1,1, 1.2, 1.3). Planting. creeps that can tolerate cold weather also, 
adds to the productivity Of outdoor gardens; ([Designs for in- 
expensive cold frames include the Solar Survival plans — see 
Resource List.) ■ „ „ ' ' " -■ 

If you have a cool cellar space or access to a root cellar, • 
vegetables such as cabbage, carrots, onioris and other root • 
crops can be grown in your summer garden and stored for 

' winter use; Many vegetables preserve well, if stpred'properly. \ 
While not quite as nutritious as fresh-picked produce, stored 



vegetables can be as nutritious as store-bought produce, and 
much cheaper * . 

Another food production alternative is to g'rovv salad greens. - = 
in a planter box indoors in a cool room with "speeiarl 
growing lights-: Planters can be moved outside when the 
'weather permits. Some people have satisfied all their wirjter,| 
salad needs this. way- (A good book on t'he subject is_ Raise/ 
Vegetables, Fruits and Herbs Without A Garden, by Doc and' 
Katy Abraham, Countryside Books, 1974.) Seedlings can hp 
started under indoor lights as well, for later transfer to the 
gardeiCSprouts, grown in jars in the kitchen, also can supply 
part of your fresh vegetable needs. " : 
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coverrt cold !(.«nif-s 



Another possibility is a window-greenhouse (Figure 1.4).i 
Enough, space is usually available for small salad or herb 1 
production or for starting seedlings. A window-greenhouse; 
may supply enough growing space for people intent on spend- t- 
ing just a little time gardening^ (Refer to Windowsill Ecology, :.. 
by William H. J ordan, J r., Rodale Press, 1977.) ' . f 

It is important to determine your commitment to home food | ' : 
production. It is a time-consuming^ labor-intensive experience. 1 
You may find out that the alternatives to a solar greenhouse} ' 
can provide sufficient food production opportunities to meet ; 
your needs. In any case, you will find that it is the gardener . 
working in the greenhouse who greatly influences food pro- 
duction. . . . , ' : 

Of course, if you want a sunny, indoor living-space where | 
you can also grow vegetables year-round and produce heat 
for/your house; a solar gre enhouse is your best alternative. . 
But a solar greenhouse represents a substantial investment of j 
money, materials and time to build, maintain and operate. If i" 
some of the alternatives presented here are possihlo for you. . . ■ ■ 
it may be wise to try them before you decide that a green- 
house is what you need. ' . • 



EOQD'PRODOClNG's'dLAR GREENHOUSE,' 

" Owning and successfully using a solar greenhouse is some- 
. what like being a parent. To remain healthy, the living 
plants in a greenhouse require constant attention. They have 
, to be watered, fertilized, weeded, thinned, transplanted, in- ; 
spected and treated for insect infestation and disease, har- , 
vested and replanted. In all likelihood, if you are a success- , 
ful outdoor gardener or if you are intent on learning about . 
horticulture you can become a successful' greenhouse gar- 
dener. ' ' _ -- 

Using'the greenhouse year.-rsund as;a tool for food pro- 
duction' will require considerable greenhouse management | 
skills. The main difference between greenhouse and outdoor ': 
gardening is control over tf^growing environment. Various J- 
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" 'factors that are left to nature in an outdoor garden must be 
controlled carefully by the greenhouse operator. 

First of all, the greenhouse environment has t,o be main- 

ta+ned within certain limits of temperature and humidity, 

requiring attention- to heating, cooling_and...v.e.atila.tLon sys- 

; terns. Extremes must be -avoided. Under high temperatures 
and hiimidities, which arc 1 typical inside a greenhouse, plants 
are stressed and become susceptible to disease, insect in- 
festation, and mold, v . 

Carbon dioxide levels also must be maintained. Carbon di- 
oxide and sunlight are" two primary ingredients in th.e photo- 
^ synthetic process, and for best growth, pi ants~ require a steady 
supply of both. In the air-tight environment in a well-built 
solar greenhouse, there is very little natural. exchange of air 
to replenish carbon dioxide levels. Although less of a, problem 
durjn^.jtbe„sujnmer«when:vents'awdTdi56Ts'aVe left open, natu ral 
air flows are restricted greatly during colder weather to con- 
. serve heat. Thus, the greenhouse user must ensure that some 
ventilating takes place to replenish carbon dioxide supplies. 

There are other differences between greenhouse and ,out- 
door gardening It never rains. indoors-, el i m i nati ng the I uxu ry 
^ .* of natural. watering. Plants are "entirely dependent on the green- 
house '.operator' for the right amouht^ef water. Another -task, 
■ ' ; /eft toTt'ature outdoors is pes.t'p/edation-. Guarded against the 
^'hardships Of living among natural predators and in cooler, 
' r outdoor temperatures," pests thrive and propagate , inside a 
_ : greenhouse: once established, they art; difiicu I; t o e limin ate. 
Using chemical pest controls in an enclosed space often is 
dangerous to human and plant life. Therefore, natural pre-, 
dators should be introduced to the greenhouse by the operator. 
Maintaining the right pest/predatoT balance can be difficult; 
it is a skill- usually acquired through experience. 
■Also, it is essential that the greenhouse grower be able to 
— __use a very limited growing areaj effectively. For examp.le, 
plants must be arranged so that' tall ones never shade sig- 
• nificaptly low ones at crucial stages in their development. 
The urban gardener may have some experience with limited 



spaces, but the grower'used to an expansive backyard. or an 
open lot must learn the mechanics of greenhouse plot plan- 
ning. . 




)oe White uses every available space to raise herbs in his New 
Hampshire greenhouse. .-<•■'. 
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■ HEAT PRODUCING SOLAR GREENHOUSE \,V /• . 

Traditional home heating systems pre fairly automaticand 
few tasks are required other than adjusting -the thermostat 
or- occasionally cleaning air filters; But a heating system utiliz- 
ing^ solar greenhouse necessitates a greater degree. of involve-.; 
ii)enl; on the owner's part „. .''- .., . ■'..<' 

/Basically, 'he solar system depends on the movement of 
air, from, the greenhouse into the house, . and vice versa, to\ 
transfer heat, The .user .must understand 'how to manipulate 
air flows so that heat is furnished to the home when it is avail- 
able Opening and closing vents connecting the greenhouse* 
with the Liwtffg space are the critical tasks, When air inside 
the greenhouse is heated by the morning sun, upper vents, 
should be opened, Warm, air flows to the home, replacing, 
cold house air' which flows to, the greenhouse, through the 
lower vents, thus forming a natural convection loop. (See 
Figure The process continues until the sun sets. Then, 
all vents should be closed^,pre^enting cold greenhouse air 
from moving to the^varm house tjhe process requires ..under-, 
standing, and userSjTiust ensure thfjt venting systems are work- 
ing properly, - : 

Insulating curtains" or shutters ai 
reduce heat loss" In the morning, when the curtains are opened,, 
less sunshine .will' be' needed 'to heat the inside of the green- 
house, and less 'timeVill be required before solar heat can be 
" vented into the hdme.'l'ikewise, if you use your.greehhouse 
'as a sola rium; the space will, be warmer and can be used earlier 
in t he rhorning it glazing insulation is in- place at night. 

Thermal mass,' another key feature of a solar greenhouse, 
also must be considered. As a space heater- for the home, an 
attached solar greenhouse functions best when the solar-hi^at 
is ; ventecl directly, to the living'space. Very little of theTieat 
energy should go into storage within, the greenhouse. If too 
much storage mass is'exposed to the incoming solar radiation, 
too much solar heat will be absorbed, thus leaving very little 
• surplus, heat fpr venting to the living space. Of course, if you're 
growing food in the greenhouse;' adequate temperatures must 



Ko i an be used at night to 




.. , .. . , . ~ , Glazing 

jtff^-^ ■.. «.. I— i - VJ^ LETS. SUN 
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NJATORAL- AIR 
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FIGURE T;5 Natural convection loop 



be maintained at 'all times.. In this case, the balance between 
ventfng heat into the, home and storing heat in the thermal 
mass becomes -a bit more complex. (More on ventilation and 
prbper'thermal. storage in Ghaptefs.8 and 9, respectively),' . 



• WHAT IS YOUR COMMITMENT? - 
; The point is not to make the tasks seem more difficult than 
they really are. Rather, you must understand that using a solar 
greenhouse requires daily management and ongoing effort. 
Actual time .commitments will vary according to how the 
greenhouse is used. 

'.' For year-round food production, ah.average of one,,hour 
perday (split between morning and night) is probably needed 



to 1 keep?a family-sized greenhouse operating well. Season- 
extending .greenhouses do not require this wort durin§ mid- 
winter! On the other hand, if the greenhouse is used solely 
as aisoiarium, opening and shutting vents may.be your only 
tasks. 1 V x 

The basic operating tasks have been - outlined brief ly. If 
the.required time commithients conform well to. your present 
daily routine (work and leisure), maintaining a solar green- 
house should not be a problem. Conversely, if adjustments 
in your lifestyle will be rfeeded, you must determine the rela- 
tive value of buildmg a solar greenhouse. For example, if you 
travel quite a bit, or if you and your family frequently leave 
home on weekends, the daily chores of using a solar green : 
house may be a burden. Of course, if no food or plants are 
growing, you can always keep the greenhouse closed'. Some 
tasksfe.g., venting, watering, etc.) can be automated. 

A solar greenhouse can be a useful addition to your home. 
The main question is whether you, as the owner and/or builder, 
are prepared to use it. ~ — 



Linda Nelson, admiring her fresh broccoli, knows that it takes 
time, mo ney and a good de al of work^tgj^arnth^bBn&filsJtmrn 
her Wisconsin greenhouse. 





. Basic drawing ^bility, organizational know-how and 
fairly simple construction craftsmanship are the skills 
needed to design and build a solar greenhouse. Even with 
minimal experience, you should be able to handle .the 
entire process if you are prepared to learn what you don't- 
know and get help from others when necessary. 

You will need drawing skills to sketch your plans, par- 
ticularly if plans are needed to obtain a building permit-. 
Your, plans need not be. 'exact, but should be accurate' 
enough to estimate materials requirements. Drawings 
should include: a plot plan, showing the location and size 1 
of the greenhouse; a foundation plan, showing a cross- 
section through the foundation; and a f lo.or- plan', show- 
ing the size~an9"-sparTS of framing-and -rafiersT-and" all- 
door .and window openings. If your drawings leave you 
with .'uncertainty -about specific ^details (or ■the,- overall ■ 
.design), visit a : solar -gpeejihpus'e pear .you;>Consul.tv%ith •■■_ 
i'the ; deSig,rie'r..a'nd the •operator On What/works, well and' ■ 
■ what doesn't. Note -how design pr6b/err& were 'solved'' 

■Managing. your' time efficiently also is important. You 
must recognize~that the organization of tasks is a critical 
factor in the overall success of. your project. For example, 
dealing with shippers and retailers on materials can be 
confusing unless you are prepared for shipping delays, 
prepayments, etc. Likewise, .working with professional or 
-volunteer help can be frustrating unless specific direc- 
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tions are made clear. If yoii. are-working with a group, 
,you must coordinate everyone's time and always have 
the riecessary tools and materials on hand. These jobs 
are not difficult if you plan ahead and" try to consider 
every possible cletajl. • ' 

As for .construction, theimportant thing is to stay with- 
in your capabilities. Do what you can do well, and learn 
what you don't. If you are unfamiliar with basic, building 
techniques, get some help from a good carpenter, prefer- 
ably one with solar greenhouse construction exgg.tign.ee 
The Resource List. of designers and builders;trSrt \\') 
includes many people and groups with greenhouse exper- 
ience. Locate someone in.your area, or write to the closest 
contact and find out if they know of someone nearby 



you : need "help only with construction, perhaps yoiT 
can get help from a <iloca,l carpenter 'who is 'Willing to 
try something new'. ■ i '• , '■,<' : ■ 

■:■> Spiiifc' sk i,l l,s ^a"re'Jrtfc;|l'i i7;i !, 'cl. i f' yoD.xisc^.a C p ri c 1 1; fbu(id;a- ' 
.. t i o p;, . s' [>^ci f ,j c'.a 1_ I y Jp''biniWi'n8\ti'ob4''C.o;p'eRno'- .foriwC; i|i ; , 
,. stVTlliiVg a reinfofcib.g.lpiir, find pouring, the,xonerete. Con- 
crete block' foundations are simpler; par ticufarly-il 
surface-bonding mortar is used (one tradename for this 
relatively new, glass-fiber reinforced mortar is Block Bond; 
see the Resource List for information sources-) Post and 
railroad-tie foundations are even easjer. 
, General woodworking skills arc required to tcanie the 




building. It a tairlv skilled carpenter is working on your 
greenhouse, there should TnAno problem with framing,- 
shealhing, insulating a ad-root ing. However, building 1 and 
installing glazing, doors and vents that don't leak air or 
water takes a good bit ol skill it is very important l<> 
buiklenergy etlit i-eTit structures as tight as possible Pay 
attention to tle.tails suciuis xxirners where walls and root 
meet, weatherstr.ip'ping of doors and vents; and connec- 
tions of greenhouse wajls to foundations and to the ma'in ■ 
house. Be sure that air can't get through' Caulk doubtful- 
' looking cracks. Good finish work improves the appearance 
and durability of the greenhouse. Review the construe^ 
tion drawiggs details in Part l1T^ r Rd-4lecide-whether.yoii 
will need help. , • ' " "■ 

conviTjTc^rTf^T*) hlive~ 



1 1, m a y ~b"e c o n v iTjTc>rTf ^Sf ha\i> ,\t U\.U{' n:if !ig lit*. o n e 
electrical putlet.and a hose connection, iri' trie greenijqus;e 
, 'These art -iTLA' ^<a-tr'K''/s-i;' : > V[.^'e" 1 nis t tiv(1*ytlc3 s ; ^-f^c'i^i ;r-Vni! j fi i,n'iair.]_ - 
... pfumbi'jig fii\t,i i.' I (,'^.U ; rT <- r ,i I ;y.no,\^v.l ; jVr^'e- ' u i ; fv; 'wiping, i.^vf 
''' [ir o b I '6 ill y' o ir Wi'i I >> ti ti '(!* © r) Vi ^ 1 r' ruoiiiiig%|ii'f'e'xl.i.'Ti'(.)f' qWhty/ 
eMen,si(:)[i cOcd i n t'O 't h y r'e t ri f i o d ?>V' f t ' '■*,". >.- '■■■',. [ 

■''The .important thing in building a greenhouse your- 
self is to combine vour own skills with professional" ad- 
vice arid-assistance- whenever necessary I ake your lime 
and don't underestimate the tasks involved 'On the other 
hand, don't be mtirmdated by tlte work. 'Yon mny know 
roe-re than voitihink vou do • . 



There art' two primary economic questions regarding a 
passiv^.solar greenhouse: How much does it cost to build? 
And, how much money can be saved through its/lise? The first 
question us,ua14,y can be answered before you start to build.. 
"The'answer\o question two is<a bit more ambiguous. -"* 

Your choices among a number of available options will dic- 
tate construction costs.. Each qomponent, from the founda- 
tion to the glazing, requires a ^eparate' costing decision. In 
mpst cases, ^though,, the amount of money invested will be 
wjaat you canafford. On the other hand,, money slaved from 
a greenhouse is a function, of use, and is more difficult to 
project. The true value of the investment is directly/elated 
to an owner's personal commitment to utilise the greenhouse 
efficiently. The playback economics of oVning'a solar green- 
house are based on specific cases rather than general for- 
mulas. Each greenhouse generates a different set of figures 
regarding construction costs, home energy savings and food 
production, not to mention the unquantifiable esthetic bene- 
fits, such as promoting the gardening hobby, using renewable 
energy, or growing organic food: Owner/builders must deter- 
mine their own set of economics. estimates: and make deci- 
sions-accordi.ngly. * ~ 

In this chapter, we will give some basic guidelines .to 
help builders make sound decisions.on construction costs. 
Additionally, guidelines will be set forth to help you determine 
ah estimated payback on your investment. You should get 
soijie idea of what toexpect from your greenhouse from 
examples, presented here. Bu|, again, such an estimation is 
conditional upon actual use and no standard model is uni- 
versally valid. Be wise and carefully plan your investment. 
Find out, before you build, how much you will need to 
spend, and determine as best yoa cart how much you wrTi-'s'ave. 
The process can take time, but the planning will be well worth 
the effort, and may eliminate some unpleasant surprises. 



■FIGURING EXPENSES: A NECESSARY TASK! 

-The first thing to do is figure .out an overall estimate. Using 
the sizing suggestions presented in Chapter 4, you should be 
able to estimate how large your greenhouse must be to be 
useful. Then, using the Rough Cost Chart (Table 2.1), figure 
out a total cost. If this cost is still within your budget, you 
should proceed with a more detailed estimate. 

A. tentative but relatively complete design is required. (Co 
through the design process in Parts 1 1 and, 111, and/or obtain a 
set of plans — see the Resource List.) Start with a set of draw- 
ings that includes the foundation, framing, glazing, wall and 
roof sheathing, and details such as vents, doors, and a fan. 
Drawings must be fairly accurate so that you can list all re- 
quired materials. Then the costing process begins. 

Investigate a variety of sources to find out how much each, 
item will cost. Be cautious and obtain more than one estimate 
for each item. Table 2.1 lists/four ranges of greenhouse con- 
struction costs. As you can see, costs will vary a great deal; 
^depending on your building decisions. Labor can be the single; 



most costly part of the project. Building the greenhouse your- 
self will keep costs to 4 minimum. However, materials and 
'design factors also will weigh heavily f in total expenses. Be 
resourceful — thrifty scavenging for recycled materails cah 
reduce materials cost considerably. For example, obtaining - 
unused storm windows from a neighbor's garage may be your 
best bet for glazing surfaces, and recycling wood from an old 
building scheduled for demolition can.be worthwhile. -| « 

Depending upon your purchasing decisions and design^: 
constraints, construction costs per square foot'of floor space 
can range from almost nothing ( owner-built usini! all rucvcii-d 
materials) to $30 (using union labor'and all new, top quality 
materials). Attached greenhouse's, tend to be less -expensive 
than Veestanding ones since the common north wall already 
exists Automatic features, such as tRermostatical'ly controlled 
/ heating and venting systems, will increase costs. Using less, 
expensive materials to make the greenhouse affordable is 
an option,, although replacement costs' for less durable ma- 
terial ; should be anticipated. - ~- ~ : 





Cost/sq. ft. of 
Greenhouse 
• floor area** 


Labor 


Materials 


Glazing 


Controls 
(i.e. venting)" 


- Foundation 


CASE 1 


" $1.00 - $3.00 


Owner-built; 
no labor expenses 


All Recycled 


Polyethylene 
(a lighter weight 
plastic) 


Manual ■ . 


"Bailroad ties 


CASE 2 


$3.00 - $10.00 


Owner-built; 
no labor expenses 


All New 


Good quality, : 
fiber-reinforced 

plastic ■'' 
: (outer glazing); 
polyethylene ■ 
inner glazing 


Manual . ; 
■ a 


Concrete 


CASE 3 


$7.00 - $14.00 


Professional 


Same as Case 2 


Same as Case 2 


• >. .. 
• Same as 'Case 2 


Same.as Case 2 


CASE 4 


$1,5.00 - $30.00 


Professional 


i 

Case 2 ^ 

' "I''. '■:-." 


Highest quality 
. ■ glazing 


Automatic ; 


Case 2 



TABLE 2.1 Rough cost estimates for a ■ • 

mprlimrv-^lxe jl aHarhpH s afa-r-gTwnlini isp 



* dosts do not include planting beds, soil, lights, back-up heaters, or other items needed to use' in 
greenhouse for food production, 

** 1979 prices subject to inflation - note that building materials prices tend to ihtlate taster than the 
general rate ol inflation. , \ " , 



20 



NOTE: This manual is intended to help design and build 
, a durable greenheuse- that Gan-last-4ndef initely with 
proper, maintenance. Where short-lifespan ma Serials - 
\such as plaHic glazing — are suggested in subsequent 
chapters, theirinstallation is designed for easy replace- 
ment with longer-lffe materials. 



EXACT COSTING 

\ Prepare a separate cost sheet for each major component 
V the greenhouse: foundation, framing-, glazing,- sheathing, 
and details. Table 2.2 is a sample cost sheet for founda- 
tions. Note the detajl. in preparing the sheet— nothing is left 
to-chance, memory or a -TT that won't- cost much" attitude. Costs 
mount quickly. Labor is excluded from the example. If you 
don'f plan to ejig the foundation yourself, be sure to count 
excavation expanses. Also", in the example, the value of re- . 



cycled materials is apparent — the lumber tor concrete forms, 
the stakes and some scrap wire were obtained for free. Use 
the cost sheet ! as a notebook, and list supplies next to each- 
item. When, you check costs, check and note delivery -times' 
as well. Don't be- left waiting for important materra l5~wheri 
you're ready for construction. Glazing materials, for example, 
can take weeks to arrive after ordeYing'and prepayment. 

A framing cost sheet should include lumber (standard grade 
or better), nai Is (all galvanized) of various sizes, lag-bolts and '" 
other hardware such as foist hangers, or angle braces, and, if: 
you don't use pre-treated sill lumber, copper napthahate pre- 
servative. . •'- .' j. \," ■ ■ ■. ■ 

On the glazing cost sheet, again be sure tej include -any ■■ 
hardware that goes with the type? of gla/ing you will use, such 
;rs gasketed nails or stainless steel screws. For fiber-reinforced 
plastic glazing, silicone or some other caulking is needed; 
Mashing material also is required. Of course, don't forget 



Material 


Quantity 


dost Per Unit & Supplier 


Cost- 


*i 


-Excavation 




none (manual; self) : 




2 


Concrete 


;~35 cubic ft. 


Bill's Sand and Gravel .;- 






! a. gravel 


56 cubic ft. 


S-1 1 /yd. 


' : $ 12.22 




b. sand 


1-0 cubic It. 


$11 .50/yd. 






c. cement 


5 bags 


$4,95/bag 


•24.75 


■3 


. Lumber for concrete, forms 


as needed 


none; scrap wood 


\ 


\ .4 


. Rental of Cement Mixer 


'1 day 


$10.5p/day. U-Rental; Inc. 


10.50-- 


'V5 


. 8", Anchor Bolts 


■■°10 


$.75, -Al's Hardware 


; 7.50 . 


\6 


. 2" Styrofoam, 
blue structural 


16 e,ach 

<4'x8'x2" sheets 


$10.50, Joe's Supplies 
(two weeks delivery time) 


. 168.00 


■ 7 


: Flashing for insulation 








. a 


. Reinforcing bar 








9 


. Wire - 


\ -as needed 1 


none, (scrap) X ■ ' ' - . ~~ 




10. Stakes • 


as needed 


none, (scrap) 




•'■ . ' •■ Total . 5 ' " I 



TABLE 2.2 Sample cost sheet for foundations' 



the .glaring material for both the outer and inner surfaces if 
double glazing is used. ' \ { ~ . . 

On the sheathing cost sheet, include interior 'and exterior 
sheathing., insulation, polyethylene for vapor barriers, rpof- 
ing materials, flashingrinterior and exte'riprprimer and-paints, 
exterior finish shea^t-hing, hardware, such, as finish nails or- 
-sheathing nails, and caulk. 

As tfof details — doors, opening windows, vents, fans, heaters, 
watering systems, "planting beds or benches, plumbing and 
.^electrical .-prepare a separate cost sheet for each. For doors 
v and vents, you must include hinges, latches, weatherstrip 1 
ping, springs, openers or closers, screen and screen doors. For 

fans and heaters, don't forget mounting hardware, electrical 

— wire or extension cords, and if necessary, the cost of adding 
another circuit to youFhoTrTe 

house, you must include the cost of getting, power to the 
greenhouse and wiring for fans and lights. Finally, for plumb- 

ing, yoij may want. to. include the. .cost.af.lns.talling.-a.hose.spigot-. 

inside the greenhouse. If a more elaborate watering system is 
planned, be sure to consider all the necessary hardware. , 
After preparing detailed -cost sheets for each item,- you 

must c a leu late a comprehensive cos! est; m a to. Add up the 

-totals from each sheet. Be positively sure that you have priced 
everything, including tools you will need to° buy or 'rent. For 
example, brushes will - be needed to apply wood preservative; 
caulking guns are required; and special cutting tools- for 
some^azing materials are essential. Shipping costs must 
be considered if certain materials are purchased from far ■ 
away. % 

.5 Another factor to watch is quantity. Be sure/that your costs 
reflect the quantities of material you ifcust buy, and not the 
quantit.ites you'intend to use; For example, if you plan to use 
190 sq. ft. of glazing material and the materials comes in'200. 

, sq. r. rolls, you i cost is for '.'DO sq. ft, - ■ — : : ;. > 

A final step is to"have an informed observer, preferably ah._ 
experienced jijuilder; review your cost sheets and calculations. 
You may easjf'v. have overlooked something. Don't be cJ israp- 



pointed if your cost estimates are somewhat off — accurate, - 
construction costing takes, years of e'xperience7For example, — 
if time lags between .pricing and purchasing, cost increases 
-must be anticipated. A ten percentfincrease for each three 
months of. delay is a safe projectio\j. Check with suppliers 
on large items for anticipated cost increases. If you are bujld- 
ing the greenhouse yourself, add. 20 percent to the final, total 
to cover unforseen expenses. ^l. ■_. 

After completing this process, you- should have a pretty f 
accurate idea of materials costs.'.Tf you plan to hire a builder, 
you should be able to get a good estimate on labor costs from, 
a local- contractor based on your drawings and cost' sheets.. 
.(Whenever possible, obtain a firm bid fpr the job.) OtheKcosts 
/that may result from your greenhouse addition are increased, 
(property taxes and insurance^premiumi, . 



HOW MUC M'^'ll I A ()>HI NHC)\-Sl SAV I > 

. Once you have determkiechhow ^Vmcb.it vvilj cost to build 
the greenhouse, the logicaS'hext step isHp determine whether 
such an investment will be worthwhile, 1 he,.bene!sis of owning 
a' greenhouse — food, heat, sunspare. grc'Av.ing season extender, 
etc. were tout |i ned jn r C fial^FI . Unfortunately, h o.w ever, 
there are no "savings sheets" that can detaiis^e. approximate 
savings that can be ■ obtained from each specific use. The. 
amoiint oUr.oney you will.. save with a greenhouse is entirely' 
Vdependen'tjpn how well it is designed and built, aY well as how-, 
' .it is used. V- - N , ;, ■ \ \ . 

Helow are tout- examples which serve to illustratt\the.varir 
abl^.in. figurine payback. ' , • V . • - \ \ \ 

The Jones family builds a 250 sq. ft. green-house aU.'.rl'Al 
to- their 1800 sq\ft. home, They v spend $2,000 on construe- 
tion,,ahd ari additronal $300 for garttenjpg supplies. They use 
v s . '.he i;reeiiha-,;se lor both, tood produi lion and heat, and eiijov 
managing the. necessary operations. With' the greenhouse , 
thejr heat bills; vvhtcrix were $600 per ,y,ear,-\have riecreased 
approximately '20 percent — a savings qf $12o\i .thef im'year, 
'vth^t tirne, they estimate a savings of nearly-$tQP by. 




In 5. Acworth, N.I I., the Phoenix Nest I arth Arts. Center spent 
$ 1,200 lor materials nnrl MO' hours ol labor to attach this pft\ 
greenhouse to their old farmhouse. I he Center still burned: 
7- V;< cords of wood but the backup oil stove was put in moth- 
balls and $00 nations ol fuel were saved. " v 





glowing a good share ol iheii own vegetables The lone-.fi 
it re saving $22„0 per year ($120 on heat, $100 on food) with 
then greenhouse Considering then oifgmal c'osi ot $2 U)0 
I he gieenhouse W ill pay 1 01 itsell in appioximate|\ Hi ^ ears 

I he Smith lamily builds a Kit) sc| It greenhouse on 'tb**it 
1200 si| II home I or 1-1, dOO Veiy ht-tle-lood is giown m the 
gieenhouse because supplemental heat is it's pnmai\ tuintion 
I he greenhouse also ac Is as a vestibule to the front door I he 
house thermostat is near the front entrance- In the past, when- 
ever the door was opened, .the- incoming cold air would start 
the turnace via the thermostat. The Smiths save .50 percent 
on a $700 yearly heat bill because of-'the greenhouse's energy 
conserving features. By saving $210 per year on fuel bills. 



Iqe^yfTiiths' greenhouse will pay for itself in approximately 
Hvear- 

fhit lohnson family builds the, same size greenhouse as the_ 

SmtthsN— 160 sq. it. for $1,60,0. However;; they "use it excTu- 

sively-f-of .food production. With large amounts of thermal 
'ass, most of the solar heat collected in the greenhouse is 
stored there lq mamtataa suitable growing. environment for 
the,' crops . The Johnsons jaaven't re'ally kept track of the 
monetary be net its ot their f'6od production, but grandfather is 
spending tnfs of time gardening happily and- they a"re eating 
well -\ ■ • 

\ I he () Kiless spent $ iOO tor a small H' - 12' greenhouse- 
) Ih^v kept 1 tists low t)\ usnu; a \ ,nni\ ot mm yi led materials 
and^imlciing r ijrtH-nhousi- themseh es I he lust spring, the 
t ) Rdf-iys >f>l.d t-m <ugh seedftngs grown in (he greenhouse lo 
p.t\ na fhe whole thing In addition, a htlle lood was yw^_ 
in the gfeenhi'UM' hs tall and some heal Wrr-t--rrTf1p7Tei I |o 
the ,i!!,h lied house during wmlef I 01 thi< ! ) kiley, the'p'ay 
hat k was. mmtMiiah' 

I hest' tnur examples arc h\ pothetic al ( ases, bill nonelhe 
less are realistic I [it- t>< onomic numfiers do not a< t r)unl lor 
the rising tusS in rood -and !ue| whir h would lead to more 
tax arable pasbaik calculations As tuel prices rise, a green- 
house's heat-producing capabilities increase m value; like- 
wise, as food costs go up, so does the value of home food 
production What s more, tax credits are available for solar 
installations and solar greenhouses increase property values 
,,1'he loiiest-s tin example, (oulil receive $1,500 in state and 
federal tax credits on their $2,U(.X) attached greenhouse 
Meanwhile, they increased the resale value of their home by 
; approximately SI. SCO, I hus, their payback period is-redueed 
considerably • 

Ai- '.. - 

Some observers find it somewhat illogical to worry about 
monetary payback in t the'f irst.-pjace. After all, they say, people 
don't calculate the payback economics before purchasing a 
television, washer, or. hot wate"r l heater. EJyy.ers simply assess 
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the value of such items- relative to personal needjjjy]its-atis : 
facti ons'.' and make'purcha sjjmxlfidskws-ba^ed-ofnuch values. 

3TmTTarly, the -decision tc^ build a solar greenhouse could 
be based on the value and utility of the projected benefits^, 
food, heat, extended growing season — and not on how soon 

. the investment will pay for itself. ' / 

With a solar greenhouse, the return on your investment 
isn't based -solely' on <hbw much money, but also on how 
much time and effort you invest. A high-priced greenhouse 
can reap few rewards if used improperly. On the other hand, 
a lew-cost, ow^er-built greenhouse used to its maximum ef- 
ficiency can payf or itself in a hurry. 



tv{ary Pea In Kingston, R.I., makes use of space in her small, 
attached greenhouse to produce enough seedlings to supply 
rrlost of her neighbors withgarden starts: 




A MONEY-MAKING GREENHOUSE? 



Crowing vegetables, flowers and. garden "starts" for 
-profit Can be a rewarding experience, but- not without 
the necessary effort,. If you are interested in the idea, the . 
first thing you should dots conduct a market survey: You 
must find out how much demand there is for the products .' 
you' intend to provide. A list of potential • customers 
should include your neighbors, small neighborhood food 
markets, -and local florists. Find out what people would i . 
be looking for from a local supplier such as yoursel|. Eind 
out what prices they would pay. -Ask for suggestions and 
advice on. kinds of crops to raise, seedlings to start, -and 
f towers or ornamental plants to grow. 

After-determining the demand, turn your attention to 
supply: You must determine how much money and time 
will be required to meet the demand. The investment for 
seeds, soil,- and other garden supplies should mat<?h _ 
closely your projected sale.v You i'.Ko need to consider 
how' miii h your time isnvorth. 'The time factor will af- 
fect significantly- the' price of your goods. Jf you are in- 
tent on a full-fledged greenhouse business, your prices 
should reflect your labor as well as production costs. If 
- •you are starting the business primarily as a h§>bby, you 
may be seeking other satisfactions, and labor costs could 
be less. - ,. ■ ' 

^U-your primary projections I ook f a vora b I e, "invest i ga te 
the proposition more N thoroughly, and analyze the various 
management, concerns (e g,, - , advertising, distribution, ■ 
store hours, insurance, etc.). Determine all the variables 
and 'then think seriously about making the 'investment. .. 
Remember, trying to sell products in a market that does 
not exist is very frustrating. ■ 
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Part II 



PRELIMINARY 
PLANNING 



His not our intent to tell you exactly how to build your 
greenhouse. Rather, we want to.explain the major design 
considerations of a solar greenhouse and to advise you r 
on the various construction options. Your job is to design 
and build a solar greenhouse to fit your needs. Our job 
is to assist you in selecting good techniques and systems, 
as well as to help you make sound design decisions. 

A detailed, final plan for a greenhouse is not provided, 

■ because any single,, complete design has limited applica- 
tions. A solar greenhouse /'s site specif ic, Thus, many es- 
sential features of your greenhouse must be designed 
with your specific site in mind. For example, the amounts 
of Instijation, glazing and thermal storage will vary ac- ■ 

_.cdfding to where the greenhouse is located and itsin- 
teridech-isc. / ikewise, size and shape, types of materials 
to use, be&Jffrangement, etc., depend upon available 

. 'resources and individual preferences. In addition, your 

■ greenhouse should be a product of your personal in- 
volvement and choice rather than someone else's ideas. 
By becoming involved in all aspects of {he project, from 
the design'decisjq.ns to the construction tasks, you wilh . 
bgtter understand the functions of a greenhouse audits .- 
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sub-systems. Likewise, you will be in a better position to 
maintain and operate your greenhouse ef ficiently. 

No one has designed a "Model T" solar greenhouse 
that is suitable for every application. However, there are ■ 
a number of-good designs (with plans and drawings) 
available that may incorporate certain details and fea- 
ture's appropriate to certain climatic zones and specific 
"sites. If you need help putting together a design, obtain 

, a set of plans under get help from an experienced solar 
greenhouse designerrReview the Resource List in Part IV 

. and find out where to find such plans and people. 
. In Chapters 3 and 4; a number of preliminary design 
questions are- addressed. What type oigreenhouse best 
satisfies your needs:- attached or freestanding? Do you 
have a suitable location for a greenhouse? What is a good 
size and fhape? If you answer these questions thought- 
fully, you will be ready to begin construction. 



t 
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Chapter,3: 



LOCATION 



T he primary design consideration affecting solar green- 
houses .is location. No matter what size, -shape or type of. 
greenhouse you intend to build, you must haye a suitable 
location. Of course, all design considerations are interrelated 
and must be complementary. But your location decision will 
.significantly affect every other design factor. For example, 
you may choose a site that is sloping away from the house to 
the southwest. Thus, the greenhouse may require a slightly 
sunken foundation, glazing facing predominantly southwest 
w i t h s o m e e a st gla z i ng, an d rai s ed b ed s- in the roar with lower 
beds in front. . . 

A suitable location for" a solar greenhouse depends upon 
many factors — most notably, sun access. A certain level of 
solar radiation is required for a solar greenhouse to function 
p rppe rl y . -' ' Mtcro-c I tm ate"~f "a cffdrs"f h a t wTiraTT^F^reerihlj u s e ' 
operation include site location, too; for example, windbreaks, 
surrounding buiRlings,. and slope, of the land can be used to 
shelter the greenhouse^ from harsh winter weather. Other loca- 
tion considerations include safety, pollution, drainage, and 
building codes. Consider every factor before you make a final 
dec"isidn v Once built, a greenhouse becomes a permanent 
f eatu re of you r property, a rid is d iff ieu ft a nd cos tly^to move. 

SUN ACCESS 

The primary site consideration is the availability of-direct 
sunlight. You must understand the sun's path to determine 
the suitability of your greenhouse site. As shown in Figure 3. il, 
the sun rises in the east, follows an arc through the 
southern sky, and sets in the west. The sun travels a dif- 
ferent path in winter than in summer, and subsequently, 
solar radiation falls on the earth's surfaces (arid on your green- 
house) at different angles during each season. 

If you intend to build an attached solar greenhouse, it 
must be constructed on the south side of the existing build- 
ing. Any well-exposed wall area that faces from southeast will 
have^adequate daily exposure to the stin and -;a southern 
skyf'However, shading obstructions to the <#outb~will affect 
•your-, site. Nearby pujldings, '.trees and hills can block the 



southern sun and lirnjt a greenhouse's efficiency. You must be 
sure there are as few obstructions as possible, particularly- 
during winter months when maximum solar exposure .is" critical. 

The su n does -notarise as --highMfi-t4ne-^-ky--dur4ng-yvtn-ter7-'flnd'"»r 
objects south of your site which do not cause shading prob- 
lems in summer may completely or partially shade- your green- 
house during winter On the other hand, deciduous trees, \ 
which lose their leaves in winter, can partially shade your i 
■greenhouse in summer but cause less shading during cold win- 
ter months. Actually, summer shading (from deciduous trees) 
can be advantageous in some parts of the country by re- 
ducing the solar radiation passing through the glazing and 
thus moderating interior greenhouse 1 temperatures. Also, 
re memb e _r_ th at tre qs-d o-g row, an d sni a IT p 1 antings t hat seem 
insignificant at construction time could shade your green- 
house completely in years to come. ■'."-•<' : 



To determine your optimum greenhouse location, it is wise 
to do a site, survey. First, visually inspect your proposed 
site. Monitor the site at different times of the day to deter- 
mine thesuri's approximate path and whether any shading 
occurs. If thjs series of inspections shows a site that is 
..generally sunny, use the procedure outlined below to dp a 
more thorough site survey: ' . ~ : 

' T here a re three bas ic steps to conducting a thorough site 
survey:' v : .~ V" . 

' 1) You mus ! 't determine the directiofbot true south; 
/'■ 2] You must determine the height of the horizon at true 
south, and its lie-ight eve.ry 15° east and west of trne'south up" 

to 1 20° (east and west); and - " - K - 

, 3) You must determine the height of all obstructions with- 
in 120° east and west of true south. 
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FIGURE 3.1 Sun's path at 40? north latitude 



You will need certain tools and must -understand certain 
terms to conduct these three steps. First, a corripass (Figure 
3.2) and Chart A (Figure' 3,3) are needed to determine true 
south. Secondly,. -a'prbtractor with a glum.b-bob ,(Figu re 3.4) is 
needed to determine the heights of the horizon and. .sur- 
rounding obstructions such as trees. Third, a sun-path chart for 
the latitude. closest to the latitude of your site (Figure 3.5) is 
needed to show how the sun, the horizon - and obstructions in- 
terrelate. • 

The sun-path chart shows the position of. the.sun in the sky . 
at any time of. day on representative days of the year.. Along 
the bottom of the.chart (Figure 3.5) are aiimuth_ ang/eX^which 
are measu?eF6f ; an^object's; angular 'position on the horizontal 
relative to true south (I igure 3.(>). Along the side of the chart 
are altitude angles, which, a re; angular measures of an object's 
position relative to a horizontal line of sight (Figure 3.7). 




NOTE: In urbari' and suburban areas, the use of a com- 
pass to determine magrfetic north and south may be'un- 
reliable. Undergrounrl piping, reinforcing steel jj^buflding, . 
and overhead and underground wires iall seriously affect 
, compass indications. Even a jackknife in the'operator's 
, pocket can throw a compass off. Always, .double check 
your.xompass indicator against a local map. 



• FIGURE 3.2 Using a compass to find (rue north 
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Jn a'site survey, you must plotHhe altitude angle of trie, ; 
horizon [every T5° f rom true 'south) and, all obstructions, onto \ 
the s'un-path chart. * ' ' ■ ' 

In order to determine the direction o"f true'south, you can ;• 
use i"a "com pas's and' CHaVt^ : ;(Fi'gWi^'3v3)'.''FTOt; , '-using'your'Corn-'-';-- 
pass, you determine the direction of magnetic north, Make •■ 
sure there are not ferrous objects within the fnagnetic field of 
the compass needle (see note with Figure 3.2). Then, alter the 
'compass reading the proper amount east, or west at your 
location as indicated on (.'hart A l'Tiis direction is defined as 
true north. True south, then, is directly opposite (100°) from 
true north. ..,.,1,,,.;.,... ,..:.J... .... .. ..... .... 

for example, suppose you live in Boulder, Colorado and 
plan to build a solar greenhousf/.onto your home. Using your 
compass, you determine the direction of magnetic, north. 
Looking at Chart A (Figure 3.3), you find that the variation of, 
magnetic north from true north is approximately 14° west 
for your specific location!- Thus, true north is 1 4° west (clock- 
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FIGURE 3.3 Chart A: Magnetic variation from true north (all 
U.S. locations) , 
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FIGURE 3,4 Using a protractor v.)tt 
a plurntvbob to del ermine 1 
■tlntude angle 

NQIt:, RftutiiiiuftB -the .pivot , . 
0< ihf (Tw.'ib- •;.!(! rifj is y'dalfy 
inipoilciiil VVheti shtjiiiUrti; 
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FIGURE :».5 Sun path chart tor -10° north l;> 
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wise) of the north reading on your compass. True south is 
directly opposite (180°) from true north. On the sample sun- 
chart (Figure 3.8.), point A. is'-horizohtally true south of your . 
proposed greenhouse ^ocation. , ■. ■ '„ '. 

The next step is to determine the altitude'angle of the hori- 
,zon at true-south: Align the protractor (by-your eye) to the, 
top 'of the horizon and have a friend. read the angje indi- \ 
cated by the plumb-bob, record it on the sun-path^chart (ill _ , 
jthe' example, point B). Then using the compass (don't forget" 
to adjust for the deviation from true s-QUth] and the protrac- 
tor, plot the altitude angle of the horizon^eyery 15° east 
and west of south (points B1 through B1 6). • \, <" 

However, in the example a garage lies between 5°"tyest and 
80° west of true south,, and the horizon is not visible. Qsfn-g^ 
your compass, plot the approximate location of your garage 
on the sun-path chart. Points B2 through B8. then, arc; actually 
the adjusted altitude angles of the horizon given the presence 
of the garage. Likewise, all other obstructions must be|plotted: 
the spruce trees between 15° and 45° E and between 70° W. 
and 90° W; and the mapl;e tree between 55° E and 5 ^ 1 (which _ 
should be plotted with^^JJgd^ljxieJiec^use-det^d'H^sTr^? - 
.ireii't as nu;i h of an obstruction in, winter-when' they lose 
their [eaves). J - 

With the horizon and all ohstructions plottted orHhe sample 
chart (Figure 3.8), compare™it';to-'fTgure'.3.5. Now, you can 
. determine when and' how much the sun will be obstructed. 
The'period between 9:00 a.m. and 3:00 p.m. is most critical: 
If this area is morethan half obstructed during the months 
when you will be ope rating the greenhouse, you will not have 
enough sun. At the site in the example (Figure 3.8), the green- 
house would probably not have enough sun to function 
properly from November 21 through-'] anuary 21 . Although it 
would probably work, fine the rest of the year, -the proposed 
greenhouse shoujd be moved (if possible) to receive more sun 
during the cold winter months, or you should plan on not using 
the greenhouse during these months. ' "~ „ 

Cenerally, if the greenhouse faces within 1 5° of south, the ■ 



loss of solar radiation is minimal, and anywhere within 30° of 
true sou'th j's fairly acceptable. At 45° east or west of true 
south, though, 25 percent of the available solar energy will 
neverbe collected, and is effectively lost.; Facing .east rof south 
is more desirable than, west ojf south, as the sun will begin to 



warm the greenhouse earlier 



in 'the morning. [tJsjjBportant 



to gej^TeaJ^a/idJiglxt irt as possible 

to r§pje_aisfi-depleted'heat storage and protect against free/ 
in^. By late afternoon solar radiation is less criticalbecause 
the thermal masses as well as 'greenhouse plants and surfaces 
have beenjwarmed throughout the day. Also, 'prevailing winds 
tend to come from the west, so it is, best to have that side, par- 
tially protected. It is not wise', however, to have a solid south- 
west wallwith a 'predominantly southeastrfacing structure 
because too little light will enter the greenhouse to support 
photosynthesis. — -, * ' - 

In' Appendix A, there are sun-path charts , for 28° north 
latitude ;NI)"':i2 NL, 36° NL, 44° NL, and 48° NL. Choose 
the one that is closest to your location and conduct a thorough 
sun survey for your own greenhouse site^oxriLore^inf-ormation- 
_Qn_aua- aeeess-ano^h^TuIwjfe, 1 see Mazda's Passive Solar 
Energy Book or Bennett's Sun Angles for Design (referenced 
in the Bibliography). ' 

' MICRO-CLIMATE EFFECTS * 

Undoubtedly, regional climatic characteristics, such as- 
annual snow and rainfall, average cloud cover and average 
seasonal temperatures, will influence the design of your 
greenhouse. Also, as your site survey has shown, your site 
latitude affects the amount of sunlight striking your green- 
house location. I n addition to'these factors. is a set of "micro- 
climate" effects which will have. a significant influence on 
greenhouse design and performance. The micro-climate is 
the climate at'your site only. It varies", sometimes significantly, 
from the: climate at the nearest weather station or even the 
other side of the house. It is a function of the site's proxitnity 
and location "with respect to certain physical, features. For 
ex°aTf7ple, the micro-climate surrounding your greenhouse 



relates to the surrounding buildings and natural vegetation, 
the slope of the .land, the presence of lakes, oceans oj other, 
water bbdies;- and any prevailing winds or windbreaks that 
may exist. .Some micro-climate effects cari be beneficial, 
while others may pose problems. In determining the proper 
greenhouse location, you must consider, and compensate for 
such effects, . . .. 

Windbreaks can be very advantageous. The prevailing win- 
'ter winds in most continental United States locations come, 
from the west through the northwest. Also, trees or buildings * 
to*T^)e wiraclward si'de will ...lower the wind velocity reaching 
the greenhouse's exposed surfaces. Thus, a greenhouse'that 
is sited just east to southeast of a windbreak and within the 
wind shadow of that windbreak can be less costly to heat. 
Decreased winds will decrease cold air infiltration and reduce . 
heat loss from the greenhouse. 'In -addition;'', air-temperatures 
on the lee side of windbreaks are noticeably warmer than 
temperatures in the full wind stream. If the greenhouse is sited 
properly, relative to natural or constructed i windbreaks; its 
winter heating load can be reduce^jjngnif icantly. . 

However, not a'll nearby- structures are. suitable, as wind- 
breaks: Placing your greenhouse, near tall buildings can be a 
real hazard. lf„you live in.ari urban area, you may" have' noticed 
the increased wind intensities adjacent to tall buildings. The 
taller the building, the more intense this wind effect seems 
to be. The reason is that the upper sections of a tail building 
' intersect a^d split up higher windstreams. Some of this wind 
rises up and over the building; sonie of it, is redirected around - 
the si'des;,and some of it is directed downward and then around 
the sides near'grouncl level. Ground level winds in such loca 1 
tions are often\two.ahd-a Tralf times greater than mainstream 
winds, TheselncreasetJ wind? may cause^ damage to- your 
greenhouse and, at the^ery least, will increase, your winter 
heat needs. . . 

On the other hand, your greenhouse need not be protected 
•from all prevailing winds, rn fact, you may want to locate 
your greenhouse so that it is exposed to summer winds to 
assist in ventilation and. help reduce excessive temperature 
build-ups ihside-the greenhouse during summerYnonthsrSuch 



a location may appear to cpnthct with the need for protec- 
tion against winter winds. However, the„,dominant winter and 
summer winds usually blow from different directions. ■Sum- 
mer winds tend to^tome from a more southwesterly direc- 
tion. As a result, you' can locate your greenhouse to take 
advantage of windbreaks in winter and wind channeling in 
summer. Check with your nearest meteorological office to 
determine 'the seasonal wind direction variations in your area. 
For a quick visual check on wind directions at your site, attach 
a five-foot. piece of ribbon to an eight-foot po.le^sunk in the 
ground. Several' of these "indicators" will help identify calm 
■ and windy spots at your proposed site. 1 

Channeling summer winds onto your greenhouse may 
require too much effort. It could entail such tasks as planting 
trees or conslructing buildings to the south of greenhouse 
in such a configuration that mainstream winds are inter- 
cepted, redirected and concentrated onto the side of your 
greenhouse, Nevertheless, you should choose your greenhouse 
site.with some'undersfanding -of where the summer winds" are 
likely to be stronger— that is, already channeled by existing 
buildings, natural features, or vegetation. : ".* / 

Attaching your greenhouse to the south side of an existing 
building automatically. places it in an improved microclimate. 
Due to solar exposure, south sides of buildings are warmer 
and usually less windy during the winter than other sides of 
t h e same b uitd i n g : A similar effect is created by pla ring your 
greenhouse on "south facing slopes. Here again, the winter 
winds can be lower. The major effect appears to be that the,: 
ground surface is more nearly perpendicular to the sun's rays 
during the winter; therefore it absorbs more solar and sky 
radiation, thus raising its. temperature. To see this, effect, note 
on which hillsides thawing'occurs sooner in the spring and 
freezing occurs late in the fall. ■ '•.'' ''_''' 

Nearby buildings, fences, vegetation and natural features 
such as large rocks or sudden ground-elevation changes can 
, cause snow drifting in your proposed greenhouse location. 
This can'be a problem, particularly if your area is windy an'd 
receives a lot of snow. Try to avoid sites where the snow is 
known to drift. 
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LEGAL NOTES 

Suppose you live in a suburb outside a major city. After 
conducting a thorough site survey ancH&pnsidering all the 
other factors noted in this chapter, you've decided to build an 
attached solar greenhouse onto the front of youN; home. You've 
just finished the foundation when your neighbor comes over 
to inquire about your work. After explaining your project, 
tjie neighbor becomes irate. He/she claims there is a Restrictive 
conyenant in your subdivision preventing the construction of 
any such structure in the front yard. "We have to maintain 
visual conformity on this block, "'the neighbor explains.\lt's 

Before you start construction, a meeting with your local building 
inspector can be helpful, and in many places necessary (permits). 
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important for resale values." Although you may object to 
your neighbor's' lack of creativity on building'design, he/she 
may have every legal right to-stopyou. 

Before you decide. where to locate your solar greenhouse, 
•It is important that you understand ali the accompanying 
legal considerations: building codes, zoning regulations, land 
use controls, propery easements, insurance, and even "sun- 
space rights." The major issue you will confront is uncertainty. 
The kinds of laws that affect construction generally ane en- 
forced by local governments, and no two local governments 
seem to think alike. Consequently, there are no universal 
guidelines that apply. Every greenhouse must conform to exist- 
ing local regulations. ; . 

The number of different building codes across the country 
is incredible. Even more striking is the diversity in levels of 
enforcement. Some governmentsjhave stringent laws and en- 
force them with, determination. ' !* " ... . 

Building codes generally set 5fc^hdar3s~fc>r new construction^ 
including, residential and commercial structures, and ad-, 
ditions to existing structures. They regulate sYich matters as 
structural design (size and location, loads.^and stress, founda- 
tions, exterior walls, floor systems), fire""protection (fire- 
proofing qf materials, chimneys and fuels„. firewalls}, mechan- 
ical and electrical systems (heating equipment, plumbing^ 
electrical wiring) and issuance of building permits. 

In most municipalities; a building permit is required be- 
fore construction. To obtain a permit, construction plans are 
submitted to the local, building inspector .who determines if 
they me!et existing regulations. The de.gree of detail. required 
for thes^ plans may range from clear sketches to.architectual 
or engin|eering drawings. A rjuilding permit usually costs very 
little, although in some jurisdictions this fee is based on the 
value__o| the construction. Other permits also may be re- 
quired for plumbing and electrical installations.. 

If you need to obtain a building permit, be prepared for 
anything from an easy ride-to difficult times. In all likeli- 
hood, yjour local building'inspector will be a positive in- 
fluencejon the construction process. Inspectors can pinpoint 
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certain problems with your propped design. However, local 
building officials sometimes lack the expertise to judge un- ^ 
usual building structures, such as solar greenhouses. If they ' 
are unfamiliar with the structural design; even though it is 
good, your proposed greenhouse plan may be rejected. Some- 
times merely the unfamiliar term "solar greenhouse" generates 
a code problem. Hence, it may be" helpful to describe your 
planned greenhouse as a sunporch, thereby laying some com- 
mon, ground between the inspector and yourself. Also, be- 
fore you make any official inquiries, talk to someone, in your 
area who has had recent experience putting an addition onto 
a building, A good briefing from a well-informed neighbor 
can be very valuable. In any event r don't let the permit process 
stop you. Even if a building code may, intact, prohibit your 
greenhouse construction, a variance .fronrthe code sometimes 
can be obtained to allow it. 

• Zoning laws also may affect your location decision. These 
regulations usually deal with such" matters as: allowable uses 
for the zoned. area (residentialvconh'mercial, industrial); build- 
ing height (possibly a limitation for a rooftop greenhouse); 
setback requirements (the minimum spen space that must be 
left between a structure and the property line);: side deaiK, 
-ance- -^he^jjace^Jje^tween your building 'and the-next); anew 
maximum lot coverage. Such regulations generally are more 
rigidly enforced in urban and suburban environments than 
in less populated areas-. Further, if you live in a subdivision or 
condominium development, examine any.fegul&tiqn (such as 
restrictive covenants) imposed by the'developer orj neighbor- 
hood residents. ' \ -\. \. 

Another legal considera'tion is insuran.ce-..Q.htaihingxov.erage 
for your solar greenhouse is not-Likely to be a problem. Your 1 
current homeowner's policy should cover'an attached or de- - 
tached gj'eerihouse on the property. But proceed with caution. 
Check with youT insurance c'ompany beforeNstartingitoXbui.ld,-' • 
to ensure that the additional-structure will. be covered. A 
special rider to the policy may be necessary. Some urban 
dwellers may have trouble because, due to a lack of precedent, 
their insurance companies may have difficulty finding an in-, 



surance Category for a greenhouse. Sola$ greenhouses have 

' been insured variously as heating systems, attached 'but-un- 
inhabited space, and attached buildings, as well as green- 
houses. Finally, if you plan to insure, make sure your green-, 
house meets all safety and building codes. If it ^doesn't, 
your insurance company may have grounds to refuse your 

claim. • " : " ~ ~ ~ ■ : 

There is one other issue you must consider: suii rights._Sup-,, 
pose you have built your greenhouse-,onto , your home. and 
have, enjoyed the benefits for two years. But then your 

. neighbor to the south happens to move away. He sells his 
.home to ap, inconsiderate soul who decides to surround' his 

' yard, with blue .spruce trees. I.t's obvious that, soo'ner or 
later, the trees wilf'shade your greenhouse completely. Can 
'y° u stop him? Not in . most areas of the United States, 
where you have no legal right to unobstructed access to 
direct Sunlight. In some localities, however, zoning regulations 
can prevent the construction of multi-story buildings, and 

" property easements can be obtained to restrict a neighbor's 
love, for tall evergreen trees. Also, some stages and munici- 
palities have passed laws that specifically protect sunspace 
rights for solar users. But, again, no universal laws apply. Be- 
fpre you build, check with your, neighbors who could pos- 
sibly interfere with your sunspace needs. Strike a deal, in 

' writing and notarized, to prevent them from making your 
greenhouse obsolete. Perhaps you can work out a deal where- 
by yOu help plant your neighbor's tree's in exchange for his 
agreement to plant a, variety of frees that will not grow so 
•tall (and may provide a better windbreak).' 

OTHER CONSIDERATIONS' 

. Pollution and drainage ^considerations, as' well as the 
general 'safety of your site, are three other important f actors- 
in your location decisigfi. .-. 

Polllution, atmospheric or 'otherwise, is a problem when 
dust from nearby dirt roads, ;or soot from chimneys collects 
on the greenhouse glazing. Unless washed off periodically, 
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suth accumulation reduces the amounts of solar and sky radi- 
ation thateffter the greenhouse and contributes to the degra- 
dation of plastic glarings. Likewise, exhaust fumes from pass- 
ing traffic and general city air pollution can deteriorate the 
quality of the air entering the greenhouse- Heavy metalsfsuch 
...asi.cad.mium and_leadLcan,, buildup J.rL.i he JsoiLajnd.be ab- 
sorbed by the plants. No definitive studies have been^com- 
pleted to determine the impact of heavy-metaT contamination 
on greenhouse produce. However, the problem is, regarded as 
•serious by many greenhouse, horticulturists and it -would ■ 
be' wise 'to think twice before building a Tood-producipg 
greenhouse near heavy automobile traffic or heavy urban air 
pollution. ' - . ■ ,. 

Drainage considerations, generally, relate to the contour 
of the land, the groundwater table, and existing drainage 
mechanisms on adjacent buildings. Obviously, you should 
avoid sites where water normally sits*on the ground for some 
time after a rain. .Hollows or slight, depressions' should be 
avoided, although sloped land is all right as long as the 
slope is down and away from the greenhouse. . . 

A shall.ow'groundwatertabl.e can be a problem; particularly 
when Building a pit or sunken greenhouse. Seepage or leak- 
age of w'ater into the greenhouse contributes to a damp en- 
vironment that .should be avoided. However, a greenhouse, 
floor built at about the same leveLas the surface of the earth 

. is not likely to cause any problems. - ' — — ; : - — 

Also, watch where you place your- greenhouse with respect 
to the rain gutter down-spouts from the house roof or other 
nearby buildings. Be sure that rain runoff is directed away from 
the greenhouse. If you are installing your greenhouse on a 
roof or porch, do not block existing drainage holes or slopes 
that. carry water off these areas. / " 

, Finally, try to choose a greenhouse site where there is little 
likelihood of structural damage due; to accidents, falling 
debris' or vandalism. The glazing, especially, should be pro-" 
tectjed. Some of the potential hazards to avoid: 

Falling ice or packed snow from overhead tree branches 
or'roof sections. ■ ,/ 3 




2) Falling tree branches. • ; 

3) Rocks or other objects thrown by children (or adults) 
in a nearby'street, parLorplayground. 

4) Rocksspun up by tires on nearby driveways or roads. 

If the only si.te-y~6u can-find may be subject to such accidents 
or- vandalism; consider the use of unbreakable plastics for 
the glazing'.' If vandalism is a particular problem in your 
neighborhood.; you may want to place your greenhouse on a 
rooftop, porch, or- some other out-of-the-way place. If the 
vandals are young children, consider getting the local J< ids to 
help build and/or operate the greenhouse- Their participation 
can help eliminate the cause of vandalism. 

Rob Corbett's greenhouse in Butte, Montana uses the solid 

concrete walls ol a-75-ySar-old ore bin lor thermal mass. The 

large mining structure provides a unique location lor an attached -. 

solar greenhouse. • , - . . > a 
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Chapter 4: 

SHAPE 



A sdlar greenhouse's performance; depends .upon the inte- 
gration of all' design factors! While location is'probably 
the most important factor contributing to its. overall efficiency, 
the typo, size and shape of a greenhouse cletermine'hovv well 
•it suits your needs. All factors mus.t complement: all others.. 
•Your initial decision, on location 1 is|re\ated directly to your 
choice on what type greenhouse?, to ! bur(d, Your decisions on 
location and. type will affect the size, and\shape of your green- 
house. All factors depend upon your available, space, re- 
sources, and intended use. 

TYPE 

There are several "types" of greenhouses, including at- 
tached, freestanding, rooftop, and pit greenhouses. - Each 
type has its advantages arid disadvantages. Often, , it is more 
economical to build an attached greenhouse (Figure 4.1 and 
4.2) rather than a freestanding structure. Add-on greenhouses 
are cheaper to construct/ can provide heat (and insulation), 
and generally are a better return for moderate 5 investments 
in time, energy and 1 money since heat and food savings are 
combined. ■ " ' . 

'Attached greenhouses are 1 cheaper because there is "no 
north waif to construct, and many times, the vents and_acxfilS- 
openings — windows arid house doors — are already in place. 
Also, excess heat and humid air collected in the greenhouse 
can be vented to the interior living space. Meanwhile, there 
is less. heat Joss from 6 the adjacent living space "due to the 
greenhouse's insulating effect] and lower heating costs for 
the greenhouse since its nortlvwal! is already heated and in- 
sulated. Another advantage of 'an attached greenhouse- is Jthe 
easy and direct. access from the house, which encourages 
greater winter use. Direct access f rom'the^warm house/in- 
stead of an outside door also protects plants from shock 
caused by exposure to cold winter air. 

On the other hand, in instances where an attached green- 
house 'is not feasible, a freestand'ing greenhouse is art excel- 
lent option, You may want a larger greenhouse than can be 
accommodated on the southjwall of your house, o'r there 
may exist some legal issues (fire or building codes) that re- 
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FIGURE 4.3 Three example^ of a, south-facing porcn' converted 
lo a greenhouse: a.) using plastic glazing panels, B.) using . 
recycled windows, c .) grejjnhouse-extended from porch 




/ quire separate structures. Whatever the\eason, be it aesthe- 
tic, architectural, practical, or just plain, personal, a ■ free- 
... standing greenhouse can be built to function efficiently. 
.'. An attached or freestanding solar- greenhouse can .be par- 
tially sunk-into the groupd in the manner of a "pit" green- 
\ , house to take advantage'of the insulation effect of soil (Figure 
: 4.2); or it. can be built down a south-facing slope in order to 
7 capitalize on the improved micro-climate' effects and better, 
exposure of the soil or floor area to the winter sun. South- 
fac ing porches also can be converted into solar greenhouse- 
'jpace [Figure 4.3). 

If none of these options, are available to you, a, solar. green- 
house could be built on flat roof areas, provided that the roof 
structure will' support the extra load of the greenhouses, soil 
, and people (F-igure 4^4), ]]' 

SHAPE . ' 

Determining the right shape of a solar greenhouse, initially, 
will necessitate your most-critical design decisions,' 'Primary 
functions of a Solar greenhouse are-to capture heat; to provide 
a warni, protected environment for plant life; and to allow 
sufficient penetration of light energy to stimulate plant growth. 
But, often, -these considerations come into conflict when de- 
signing greenhouses, especially in severe winter climates/, 

The amount of light, and thus heat, available from bright, 
direct sunlight is about 10 times that available from an over- 
cast sky — so it makes sense to design for maximum direct 
sunlight in areas where there-are. a significant number of clear 
winter days and thus direct winter sun.. But glazing oriented 
only, for direcT'sun-^iften does not admit enough total sun-: 
light f op photosynthesis on overcast da^s, or in the early hours 
of early summer days. Clearly t.he'sjnape of. a greenhouse 
plays a major role in balancing heat collection and light pene- 
tration. In addition; shape is a consideration in a number 6t 
other respects. -^available space/ aesthetics, plantipg and 

working area needs, etc. ' - _> 

We'll go through some of the major considerations one by 
one, and then describe some approaches to solve the problems" 
presented. Most of the comment:; relate directly to a food-' 

-\ •■— - — ' ^ J ■»'.'■' 
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producing- solar greenhouse, because the main^hrust of this 
manual is geared toward such xfses. Sompof the information 
presented, though, applies to structures used primarily as 
. heat producers.. Here, again, the important thing is to deter- 
mine how you intend to use the greenhouse before you de- 
sign it. ■ V ' - " - ,/ 
Radiation penetration for optimum Went collection. i 
.Hie winter sun is low in the sky, so its radiation .must 
travel through more of the earth's atmosphere to reach an 
.o.bject o.n the ground than does radiation in the summer, when 
: -the sun is more directly overhead. Thus, the strength of the 
.sun's rays is reduced in winter and radiation intensity at: the 
earth's surface is 'relatively weak. To capture these weaker 
rays effectively, the greenhouse glazing must be installed at 
> an angle nearly perpendicular to the s.un^.s rays during the 
coldest mqrjths of the, year, especially if you are .planning to 
utilize the. greenhouse during the, winter. A' perpendicular, 
'. angle will 'allowLmaximum.solar radiation to pass' through the 
glazing without being reflected off. ■■ 

" Of course, the sun travels across the winter sky during the 
day from southeast to southwest, so the fixed glazing will 
hot always~Be ''nearly" perpendicular" to the sun's rays. We 
also knovy that maximum solar intensity usually occurs at 
-solar noon, when the sun is, highest in the sky and directly 
to the south. "Further, the sun's highest position in the sky 
changes daily, decreasing to Its lowest on December. 21st 
and rising toils highest on June 21st. With all these variables 
- you may well ask what the best angle of the south-facing 
. glazing should be foYrhaximum heat collection. 

Experimental observation) has shown, generally, that for 
optimum radiation penetration throughout most of the win- 
/.ter heating period, fhe angle of the glazing should be the 
site latitude plus 10 to 1 5 degrees. For- example, if you live 
at 40° north latitude, and you plan to use the greenhouse 
during the winter/ the south-facing glazing" should be sloped 
somewhere between 50 'and 55° from the horizontal, tf' 
the greenhouse is -hot going to be used in winter, the angle 
- can be. 5° to 10° less, or 45° to 50° in the example. 

However, that angle, latitude plus 10 to ,1 5 degrees (for 




FIGURE 4.+ Rooftop greenhouse 



year-round operation), is ..not,-absofute. The -formula works 
well for areas receiving a high proportion of diffuse, radia- 
tion to total radiation— that is,, cloudy areas such as the 
New England' states and. the Pacific Northwest, Hut your-' 
climate and weather conditions may indicate' a more favor- \, 
able angle. Areas which 'receive a high proportion of very..^ 
clear winter days should increase the slope by 5 to 10 degrees 
(latitude plus 15 to 25°). For many regions, in the; U.S., par- 
ticularly northern locations above 45° latitude and sites with 
open snow-cover to the south, glazing, slope can gg up to. ver- 
tical (that is, 90° from horizontal). Snow tends to reflect the 
sun's rays onto the glazing and, if- the glazing is mounted ver- 
tically, a good part of the reflected radiation can enter the 

greenhouse, adding both extra J'ight .and extra heat to the 

interior. I nclined glazing surfaces less than 90° would tend to 
deflect more of this snow-reflected, radiation off into the sky. 
(Check Chapter 7 for more glazing.Hetail?:) / 
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Radiation penetration for optimum light levels. 

Many of the considerations mentioned for heat collection 
also apply to light entry intosthe greenhouse;,; because it is 
light fadi'ation which strikes interiof'surfates and'is converted 
to heat. However, while neat. generation is a major consider- 
ation during the colder, mq.nths, optimum' light penetration is 
a consideration year-rouhd to promote the . photosynthesis 
necessary 'for good plant growth. In fact, light (rather than 
heat) is often the limiting factor for greenhouse plant growth, 
particularly in areas, with cloudy winters. . 

The sun is higher in the skyduring late spring and summeh 
Thus, a steeply sloping, south-g : : lazed surface designed to 
accommodate the. low winter sup may not permit 1 adequate 
light penetration to the back of the greenhouse during" late 
spring and summer, or during overcast periods when diffuse 
. light comes fairly uniformly from the whole sky. On the other 
hand, if the south glazipg were mounted less steeply, say 
around 25 to 40 degrees from/horizontal, .the summer su-n 
could reach back into the greenhouse quite some distance 
before shading occured, and eqtry of diffuse light would. be 
adequate; But this angle would, be at odds with direct win- 
ter sunlight and accompanying light and heat needs. 

A compromise design, \ o 

One solution to this dilemma, ^or greenhouses designed for 
heat and /food production, is to^build a structure, with two. 
sloping s/outh-glazed surfaces. Tlhe lower section, called, a 
"kneewall," should be a steep-angle or vertical glazed wall 
(say* 3^60° to 90° slope); the upper section, also glazed and 
sloping to the south, would be at a less steep angle (say, 20° 
to 45° fromthe'Tidrizontal). This less steep, upper glazed sec- 
tion -would. still permit snow:to slide off (with help 1 if the 
.angle is below 30°) and allow- better penetration of_both dif- 
fuse radiation on cloudy days and direct summer sun. The 
.steeper,- jlower glazed section would allow good entry ef direct 
and- snow-reflected winter sunlight. (If you do not p.l'an t-.p grow 
anything in the rear of your greenhouse in wjntfer, and you 
live in ah area with much direct winter sun (.many clear days), 
you may choose to insulate the shallow angled, upper glazed 



section fcjr the entire winter, removing the insulation for 
spring, summer and. fall operation.) 

Both single and double-sloping attached solar greenhouses 
■'have their! advantages and disadvantages. To provide good 
head room throughout a single-sloping st'ructUjfe, the green- 
house is gt>ing to have to be quite tall. But .it is generally -a., 
simpler structure to build and lends. itself to growing crops 
directly, in' the- ground. The double-sloping' attached solar 
greenhojis^ can provide adequate head o foom for yyorking in 
raised bedis at the, front of ilie ■jreenhousc AUo. in -heavy 
snow are'asj, the less-steep roof section must be strong enough 
lei support !hc expected snow load — if the slope is less than 
30° the 'snow may not slide off by itself (set? Chapt.er.'6, 
glazing support and roof constructionsectipns). 

East andjwest Glazing. Another way to increase Light pene- 
tration for iphotdsynthesi's is to glaze the ■TOU'meTn halFof the 
"east and- vyest >end walls, above the level of the planting'' 
beds. The entry of increased morning and afternoon light for 
photosynthesis will support better plant . growth. Direct- 
.morning sunlight is particularly beneficial to plants for both 
■light and warmth. If triefgreenhouse is oriented southeast,- 1 
glaze a larbe portion of Che sou.thwest-facing end wall; if it" 
is oriented southwest, glaz-.e most of the southeast wall. 

Solid- Portions of the South Roof. If you are building an 
attached greenhouse in a climate with long, hot summers, 
you shoulc insulate a portion of the. south-sloping roof to 
'protect the main house from overheating in summer (unless 
you intend to remove the glazing'from the greenhouse in the 
Summer; see Chapter 7, double-glazed plastic panels). The. 
solid portion should be wide enough to shade the main house 



wall during 



the mid^poruon of the day. For small (less than TO 



feet in the north-south dimension) /"attached greenhouses with 
fairly shallo.v roof pitches, the insulated section will be about 
half of the roof/or three to-four feet horizontally out from 
the house. -' v.-. 

' In Figure 4.5 are some possible shapes for attached green- 
houses. The examples arejby no means an inventory of all 
possible schemes, but rathe*, a guide to a few sensible choices. , 




Good for clear winters and for 
areas with hot summers, used 
with low planters in' front. 
(Often known as the,Yanda- , 
type greenhouse, since it has 
been so well popularized by 
the Solar Sustenance Team 
and Bill Yanda). i . 



: v \, 

.' J . Good for areas with cloudy 
winters and little snow. Gqod 
i lor combination, with a pjt- 
' typafoundation or for planting 
directly in ground. May need 
..some type: of shading in area's 
with-hol summers;. 





Good for areas with cloudy winters and areas with winter 
snow-cover south of the greenhouse. Miy need some type 
of shading in areas with hot summers (thekne'ewall may 
be shortened if used with a pit foundation). \ 




Good for south-sloping sites 
or flat sites to cover part of 
second story of house. Large, 
steeply angled upper glazing 
can be good for heatcollec- 
tibn. May need some type of 
shading in areas with hot 
summers. 




FIGURE 4.5 (Jpssiblcshapcs for'aftached greenhouses 
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..The possible shapes, for freestanding greenhouses are many. 
.A few. of the many possibilities for different climate regions 
are sketched in Figure 4.6 to give you an idea of approaches 
to designing according tdcUmate. " . i. 



-/ 



FIGURE 4.6 Possible shapes for freestanding greenhouses 




For cold winters, northern latitudes, and .' 
yearrround use: ■ - . 

•steep ■north roof pitched to the highest 
. summer sun angle for maximum year- 

round I ight.reflection v bnto plants; 
■'vertical north wall for slacking heat 

storage; 

•40-60° sloped south roof glazing; 
'vertical kneewall high enough to accom- 
modate planting beds and snow sliding : 
off r.ool;_ , / 

' 'end walls partially glazed for adp4cHig ht, _ 
' The Br,aceTns 1 1 1 Die des ig nc_prft <nu es [he" 
horth/pof slope down to the ground (eli- . 
min/ting the north wall), allowing for 
rpore planting area in ground, buino heat . 

/storage against the north-wvall : 



For cold winter!; 
and year-round 
sign popularize 



middletJ.S. latilutcles 
use — (similar to the de : 
d by Domestic Tech- 
is*t for 



ndlogy I nstitLit^ — see resource 
plans and address): ...... 

.••45.-60°. north roof slope' ■ , '.. 
'vertical north wall for stacking heat 
storage; .' ■ . \ - ■ ■ ' ; ■ 

'45° south roo'f gla;zing; ■ ... : 
'vertical kneewall; . . ' . ' 
'part of end walls glazed.tor additional 
light: , 



For milkier winters, southern ill. 5. lati- 
tudes, ^nd year-round\use where'less.heat-' 
storage\is needed: f '' 
'45-70°\north roof slope^-Joof slope . 
steeper apd north n-wi i '/ shorter if 'less space 
is needed for stadking heat storage; 
■ 'foot cai\ extend down -to ground, 
eliminating back kneewall if no storage 
is usee); \ ^ - ■ • . * '" 
.'20-40° south roof glazing; 
'front kneewall as high as is needed for 
access Id beds in front; ' ■' 

'most of end walls glazed for additional ■ 
light. .'■ ' ■ ' 



... Axis of orientation. .... 

A greenhouse, in general, should have its major length.axis 
running, in. f an east-west direction instead of north-south. At 
first glance* reasons may not be so obvious, but consider the- 
following facts. "In the northern hemisphere, both direct a,od 
diffuse light radiation come, predominantly, from the south, 
particularly in the winter. Large southern exposures tend to. 
capture more of thisjradiation with less reflection losses than ' 
large east and west exposures. Any exposure from southeast 
to southwest is adequate (see the site survey section); A -con- 
ventional greenhouse, with the length axis horth.-south'will 
allow for a more uniform distribution of light on the plant 
canopy, than will a similar structure with-the major axiseast- 
west. However, an energy-conserving greenhouse must mini- 
mize glazing, especially to the north. The effects of- poor light 
distribution are'recluced by reflecting a considerable amount 
the interior of the north wall and bhck. 
plants, Thus, an east-west axis;bT';,6"rien- 



of .light radiation of 
onto the gre^nhou^f 
tation is adequate 



SIZE 



The optinlu.m size of a solar greenhouse' depends greatly 
on how it is to be used. As a solarium, the structure needs 
only. to be teig enough for the number of people who want 
to use it comfortably^ As a heat producer, the_size will depend 
on how much heat you would like to produce. Centrally, for 
an insulated house in a moderate to cold climate, the area of 
.south glazing on the greenhouse must approach 20 percent 
, "of the floor area' of the main house. in-order £or the solar, 
"heat to have a .noticeable. effect on heating fuel consumption,. 
'-;-Some general guidelines to help-size a greenhouse for food 
production arenas follows: A greenhouse can reasonably be 
expected -to provide salad greens and some co.oking vegetables 
.during spring, and late fall. During spring, summer and early - 
fall, tomatoes and cucumbers can be^gfown in the green- 
house as well (if your putdoor climated not warm, enough to 
grow these in the garden). During the dead of winter in northern 
climates, greerihousie plants w.ill hot grow much due toshort 



days. Yields during -this period — if you operate the green-' ' 
house at all -will be much iowo/'than for other'seasons, un- 
less supplemental lightirrg is used. , . 
About 40 sq. ft. of greenhouse growing area can produce^ 

. most of- one person's, vegetable needs, given a reasonable 
level of skill at growing. 1 , Of course, at certain times there 
. will be more food than can -be eaten, and at other times, not 
enough. Also, growing skills and techniques vary greatly. 
Generally, though 40 sq. ft. per personals a good starting 

' point when sizing.your greenhpuse for food production. How- 
ever, about a third of the greenhouse floor area is generally 

' taken up with walkways and heat storage, thus, 60 sq. ft. of 
greenhouse area is required per person for producing the 
necessary vegetables, A.greenhou.se used for supplementing 
vegetable supplies could be considerably smaller, about half 
this area, or 30 sq. ft. of .greenhouse area per .person, A 
reasonable sizeTor a family of four im this latter case would 
be a total greenhouse area of 120 sq, 'ft,, (about 00 sq, ft, of, 
growing area). This could be an 8! x 1 5' or 1 0' x 1 2'. attached 
greenhouse; a pl-actical minimum size is 8' ! X 1 2'. 

For f reestanclmg greenhouses, though, iit is generally not 
practical to build smahKThan 10' x 18'. For anything smaller, 

■ the costs of construction are generally very .high for the 
limited growing area obtained. In addition, the relatively large 
surface 'areas through -which - heat loss can occur, make 
operating expenses high per square foot of growing area, 
unless the gfeenhouse shell is quite tight and well-insulated - ! 

Planting and working space. 

" Obtaining the maximum amount of planting space at. the 
. least cost is the prime consideration he/e. First, you ,have to 
decide whether you want to plan.t in rfiised'.beds' pr»af floor 
level. Raised beds offer' certain advantages — less stopping. to 
work on the plants and more neat-storage volume (either in 
the soil .of a deep bed, or in underbed'' storage, volumes), 
Ndowever, bothVthe south glazing arid north- insulate'd wall 
haVe to be slofiecl appropriately to 'accpn^oclate raised beds 
■> and' tbvminjmize wasted interior f loor sprice. A vertical knee- 
? '.wal-l on the south side can help. In' addition, the cost of 



■constructing and 'maintaining elevated beds' is, significantly, i 
, greater than building floor-level beds, ,. 1. v .■, > l 

;.£)a the other.-hand, 'plffn ting in soj l_ at or-near floor levef' 
allows for better "use of the floor area. . Planting at a liqwer 
level'enables plants to grow iailef throughout the greenhouse 
. arid allows growers to work in wider beds from the -sarn'e path'-. 

■ way (since you can walk between plants). The dis.advahtages r 

■ of'flbor-level beds' are-th'at thtFsbil can be j^sed -ofily minimally' 
'fdr heat storage; any colt) air-will settle- autbm'atica)ly at the' 
plant level; and, insulation, will, be rfecessary a|orig the if pun- • 
.datiori 'walls' at-least to the 'depth of- the planting bti^ds/ Although 
. the extra insula tiorr-will - keep the growing spate warmer, it , 

does increase costs. • • . '■ • ; ' ;. / 

' If flqor-Jevel beds are used, then thp glazed sjouth'wall£an'. 
begin its slope a t: theTou.iulaJj'o.n< assuming siiow^pile-up .is ."not. ' 
a consideration,. Likewise, the Insulated., north yv.all in .a- f/sfe- : 
standing structure 'can begin its slope at: the foundation. Such' 
optimal-slopes' allow theVmaxjmum amount of sotar radiation 
to enter tjie greenhouse, and 'inflect off , the back wall pnto' 
the plant' canopy. H'ul sleep, single-sloped, walls or roof., sec- 
tions caii lead to excessively tall greenhouses andihe associ- 
ated problems of heat accumulation near the pe.ak. this area 
is-substantially gla'zecJ and subject to greater h'eaf loss. 

So, in practice,, a, kne'ew'all is often used to give the.plants 



many parts of the country, the'mairr growing- areas should' 
occupy 60 to 75 percent of the, floor area. The remainder will ; 

I be occupied by a walkway and some storage. (The minimum' 

j useful. width of a walkways about 20"). An eight-foot span 
all-aws.a 3-ft. : wide planting, area (about as far as an average 
person can reach)'jn the front, a 2-ft. aisle in the middle and 
a 3-f-t-Wlde bed in the rear. Thus, 'the minimum*usef ijtl width 
of a soli/ greenhouse is about eight feet. A, 1 2-ft. length thus 

•Would allow 72 sq. ft. of growing area (two 3' x 1 2' beds) — 

?a good ratio of growing area to total floor area,: - 



72 sq. ft. 
"96 sq. ft. 



75% 



If you build much smaller than 12 ft, iii the east-west dirrjen- 
sion, 'there' would. be too much structural surface' area (i>ub-. 
ject; to heat loss) compared to tH|r' floor* area inside. -A.-gr.cc;iv_ 
house can be elongated in the east-west direction a far as your 
site and food-production needs dictate. Rill and Susan-Yan- 
da's book The Food and Heal Producing Solar Greenhouse, 
for the Southwest U.S., and tcotope's Solar Greenhouse Guide^ 
for- the -NorthWest -are useful references on /outlining floor 
plans for'small attached greehhouses (s-ee Bibliography) 



the north-south dimension is increased to 10-12', as in a 



room;'" to provide. s.ome .heat storage Volume;, to. permit. the' 
opera tqr'-some. head room in'which to wo'rk; and, where neces- 
sary in snowy regions, to a I low ...a place f of .snow-to accumulate 
when it slides off the roof., Similarly, the back or north wall 
is,usualfy vertical (almost: invariably'Tst) in Sn attached green- 
house) for the' first few feet and then-sloped toward the south 
■(in a freestanding structure) at some optimal; angle; for-light. 
'reflection purpose's. The use of elevated 1 planter bed^wirljn'v? 
crease the necessary height of the;yertic£d khegvvalls oivb'Oih - 
north and south sides. ., ■ .-^ ' _ ex>sting-buildi%; 

Flb.orPlan. . " ' , " "' ,;' ■ - v v s , ■ "^f^^Veftical wall is w 

There, is. a- minimurn /useful -width for a 'greenhouse. This 
width usually relates to the'growing area relative to the tota^l 
floor area of the greenhouse. For family-'sizedigreehhoi'ises' in 



larger. attached or freestanding greenhouse, the growing bed 
configuration would have to be changed to allow access to 
all parts of the beds,. Also, a floor. plan should take advan- 
tage. .of the existing building in every way possible. Examples 
presented in Figure 4.7, givt^-you some ideas on how to design,, 
vour floor plan, , ',' ■ ; : 

North Wali-Slppe. • • . ■■ ' ; a - . 

* <Q n : rfn attached greenhouse! the north wall is of very little 
cDiYcenf, .--since iLwiJI 'likely/be the vertical south wall pi. an 
It the Building is un/ieated, ensure thai this 
ell-insulated, and then cover it with white ■ 
pai'nt or other reflective Slirfac'e/ . ', 

■ In a freestanding^greenhotise'f-the north ,/w'all should be'- 
pxqperly sloped ,to allow- sunlight to, re'aeb'the back of the 
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FIGURE 4.7 Three floor.plan designs* 



greenhouse during twinter and summer.. That is, very little or 
no' shading 'should occur on June 21 at the rear of the planter 
beds. (If you are worried abpertoverheating problems in the 
summer and would like TOpr^vide some shading, then con- 
sider some of the temporary shading systems, outlined in 
Chapter 8, ventilation and cooling.) 

The, proper slope of the north rbo.f section is i-he angle of 
maximum solar elevation at your site latitude on June 21. v 
.That angle is" calculated by takiing the complement of your 
site latitude and adding 23"°. (The complement of your latitude - 
is 90° minus latitude.) For example, if yoursite latitude 1 is 40°, 
the compJement (90° minus AO } is 50°. ThVqptimum north 
roof slope thgrejore, is 50°-p1us«23°, ; or 73°; In^practice, this, 
slope. can vary plus or minus 8? with little effect oij 5 green- 
house^ performance. Be' sure'. to paint the inside of the north 
. wall white or some other reflective color so that solar radia- 
i'.tion striking ifwill, be.ref lecterl down onto. the north side of 
the plnntcanopy, ! f 

Architectural and Aesthetic Considerations. 

; The aesthetics of our environment ' are jimportant, and» a 
solar greenhouse should fit into its surroundings. If you are 
considering an . attached .gfeenhcfusre, it should ..related in 
some pleasing way to the ^existing building. "Major'achitec-: , 
■tural features — such as lines,.shapes, sizes, etc. — of the-exist- 
ing building will have to be considered Imthe, final shape and. 
size of your attached greenhduserUse siding, painfcand roof- 
ing which match the ho.;:se on the solid portions. of the green- 
house, to help integrate the 1 tvyo s'trufetu re's. Freestanding 
greenhouses offer mp.re latitude in'sharje CQipideratirJris, byt- 
again, some effort should be nrade to.harmoni-2'f -nhe struo-- 
ture with its surroundings. ' ,' , 



Part III 

COMPONENT 
CONSTRUC TIO N GUIDE 



. Part I of this Guide was'written to-help you decide 
whether a s&far greenhouse would satisfy your needs 
and whether you would make the necessary commit- 
tment to use it. Pa'rt II should help you determine 

■ where to locate the greenhouse and what- type, size 
and shape would suit your needs best. Here in Part III, 
the purpose is to provide specific information to help 
you construct a greenhouse properly. 

Included are design details for each componentpart 
of t he greenhouse — from the foundation to the glazings 
The goal is to help you build a 'relatively lpw-cost„dur- 
able, maintainable solar greenhouse. Design details^ean 
make the difference between success and failure. Water 

■ leaks, heat leaks, rotting, overheating and excessive- 



maintenance are common problems resulting from poor 
construction — problems the information in this Section 
should help you a void. , .. • 

Important differences between solar greenhouse 
construction and conventional construction techniques 
are reviewed and outlined If vou are unfamiliar \:ith 
.conventiohal construction techniques, please refer to 
one of the many good general construction texts avail- 
able at your local library and' or, seek advice from a 

local builder. 7 " , 
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Chapter Five: 

FOUNDATIONS 



Ge n e r n I ( y,- g r e e n h o u s es a re f aTr Ty-^ig h f w eTg hi bull cl mgs7"' : 
and the primary functions of their foundations are to 
present the structure from sinking or shifting in the ground, 
•afid to hold it down so that the wind doesn't move it or blow 
it ove.r. . 

The -greenhouse bui lder must decide whether to use a -con- 
tinuous foundation or a post foundation? Each requires ^dif- 
ferent tyne of framing above the-foundation anti-each is suit- 
able for varying conditions. .Traditional houite building/framing 
techniques are .used with continuous foundations: Each stud 
bears on the foundation and mbst of the roof's weight bears 
on the walls, Lighter framing techniques are used with post; 
foundations:- The framing is "hung" on or between the posts 
and the weight of the wall and roof is transferred to the posts 
by beams. 

Owner/builders more frequently use continuous foundations 
(rather than the. post system) because standard carpentry prac- 
tices can-be used. The pos't and -beam system, however, 
has the advantage of ^allowing lighter, thinner framing — 
therefore, allowing more light to enter the greenhouse. Many 
commercial greenhouses,- old .and new, use this lighter post 
and beam construction. If the main purpose of ypur green-' 
house is plant production, vou should serious ly consider this 
construction technique. In some localities, however, bifilding 
codes may determine your foundation .choice: Some' city 
codes require continuous foundations of a minimum depth. 

In this chapter, four foundations (with_ v-a.riations) are pre- 
sented. The-importaPH details and uses fqr eaeh are outlined. 
.Actual co^ts are not specific: because foundation materials 
costs vary' widely from place to place. Instead, some general 
cost. considerations are Included. Also, the details of laying • 
out foundations, -.building forms and pouring concrete are 
not discussed,; except where the suggested designs differ from 
normal construction. Many people have basic-foundation 
construction skills and there should be someone .in your 
area who can help, In' addition^, a reference on the subject 
and these skills— fccotopc's A Solar Greenhouse Guide for 
the Northwest has a good step-by-step explanation — is cited 
.in the Resource List (Part -IV). - 



A'. level, squared foundation wilhmake it much easier 'fo^ 1 ** 
build the greehhquse^Vl low plenty of time; to bui,ld.*^ne' : 



foundation: This k'ir 
,,than is planned, 



of work always seems to take 1of)|>erX 



j'\" INSULATING FOUNDATIONS 

I \ In "order tb.cutjneat loss through the foundation Walls 
'and the earth, insulation is required, especially if ycfu* in- 
tend' to plant crops djrectlyjn the ground (as oppose^ to using 
raided beds).' ; » -.. . ., ',' ■ 

Solid, wall foundations can be insulate.d.pn the outside or . ' 
the inside, Neither procedure is significantly morfe'difficult V 
than'the other. Outside insulation must be protected from > 
exposure to "sun, rain and physical abuse, while inside insula- / 
tion also must be protected from physical abuse as well as fron/ 
condensation running down behind it. Unless you live in an 
extremely rainy climate, the inside of the greenhouse will be 
wet fwith condensation) more often than the outside (from-' 
| rain and snow). One advantage of outside insulation, is 'that 
the thermal mfrss of concrete or concrete block foundation ' 
can be used tols.tore heat, even though the foundation mass 
is generally at relatively small portion of the total , mass 
available for heat storage. Though outside insulation is illus- 
trated tflroughqu't most of this, chapter, either jneth'od is 
acceptable. \ - - / _ , 

Moistuue-resistant foanfed styrene is a good underground 
'insulation, material: ("Styrofoam," the brand name for Dow 
-Gheaucjirs^foamecl styrene, is a common term and. will be 
i used here.) Be siTFe^heTTra-ter-iatyou^^^ for under- 

, ground use. Moisture-resistant Styrofoam usually 7 rsyrJlue^rn — 
color — white "bead-board" foamed' styrene will' absorb a s 
small amount of moisture and is not recommended ' as, 
foundation insulation. ' ■ '•' \ „ 
• The amount of insulation to use variips wi'.ii.the climate. 
In cold climates where the ground freezes] two inches of Styro- 
form about two feet deep in the ground is -,a reasonable balance 
between cost and benefit. Some builders, particularly in the 
northern U.S., elect" to 'insulate the foundation down to the > 



frost .line. In areas where the .air temperature goes below 
freezing but the ground freezes seldom or not at all, one 
inch of Styrofoam about one foot deep is sufficient." In areas 
.where th&air temperature rarely goes below freezing, insulat- 
ing, the foundation -is probably not worth the trouble and 
expense. There also is some debate whether insulation under 
the greenhouse floor is necessary; Although it cuts heat loss 
by a small percentage, there is quite, a bit of work involved. 
For low-cost 'greenhouses, insulation under the* floor is not \ 
recommended. 

When installing Styrofoam, 'remember that itjs not a struc- 
tural material. Backfill around it. gently and avoid large rocks, 
When installing it between posts, be particularly careful to 
backfill evenly — alternating from one side to the other, Above 
t ground, support the Styrofoam with treated wood, old bricks 
or some other solid material to protect it fronvdamage. It 
, is generally easier to insulate the foundation before fram- 
ing the. greenhouse; ; so that you have earth to stand oil in-' 
stead of a dug-away trench. ' j • 

The insulation should extend high enough to cover the|sill 
of the foundation tc? avoid exposifig'th© 1 foundation to 'the 
cold. (The top of the insulation can be beveled [See Fjgure 
5.TA], or a beveled strip of wood can be used on top of the 
Styrofoam and under the flashing)/ to.cutsa clea'p' bevel on the 
insulation directly, set the blade of a cir'cular saw at the proper 
angle and push the savy along a straight board clamped onto 
the Styrofoam! , 

' " ' '■■' A '•-'■' s 
FLASHING: PROTECTING THE EDGES 

- — T-h#^ourida.n'c^sjTouk^e built to extend. 6" above ground 
level to, keep' the wood structure away from moist earth (and 
all the rot-producing organisms therein],. Use pressure-treated 
wood for the framing sills or treat them with a copper- 
based preservative such as Cuprinol ..pr~ copper arsenate to 
minimize problems. ; , ' : .-.._.._..' 

Where the siding or glazing materials don't overlap the 
'foundatibn, and where exterior-insulation is used, flashing is 
needed to protect the insulation from moisture. Aluminum 
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Carefully bent aluminum 
Hashing around corners helps 
protect the foundation insulation. 




flashing is ' quite '.easy to work" with — even fairly complex, 
■ angles are e'asy to bend using the method outlined (see box). 
However, for larger structures where a lot of flashing is 
needed, you may want to have a sheet-metal shop do the work 
foriyou — it is more'expensive but saves time and offers a 
cleaner finished appearance, > 

pheirfoining "flashing pieces to form a larger-selection, or : 
atf corners, /use caulk to seal the joints. If two pieces don't 

'overlap uniformly, a pop-rivefeor sheetmetal screw with a 
d/ab of caulk will hold one to the other. The flashing .should ' 
pe nailed to the bottom plate 6f the wall or glazing framing, 

pefoce glazing or sheathing is attached. 

/ . Flashing must extend from the sill to the ground, to pro- 
\ tect the insulation. In the illustrations that follow [throughout . 
Vthe Guide) r flashing is extended vertically info, the ground. 
VYhile this method may be the easiest way to protect insula- 
tion, it subjects the metal flashing to corrosion from the soil. , 
One alternative is to terminate the flashing with a drip edge 
at the soil line. Another alternative ;1s to terminate the flash- 



Nonce how the Hashing 
stops lust below the sill and a 
non-corroding material extends 
below the s&l line. 




jn-g in <a drip edge about three inches, below the sill, and 
use a. non-corroding rnaterial from the drip edge to the- soil 
line.. ■-.'.■ . . . 'h 

The latter alternative is more appropriate if the vertical 
dimension between the soil line and the sitl would involve. a 
great nmbunt of flashing. Cement-asbestos board is a non- 
corrpding material, but rt is expensive, potentially hazardous 
to handle, hard to cut, and requires predrilled nail holes. It 
can, however, survive burial in the ground, Other options 
include pressure-treated wood, stucco, trowel or brush coat- 
ings like Portland cement with Jiquid latex added, , or some 
vinyliatrylic coatings. The best bet may be rigid .vinyl sheet, 
as supplied for mobile. home skirting or in the form of vinyl 
■ siding. Far, easier to work with than cement-asbestos board, 
vinyl' sheet can be glued or nailed, and will survive below 
ground level. Check with mobile home suppliers or siding sub- 
contractors for availability. 

The important point to remember is that exterior insulation 
must somehow be protected from the sun, rodents and 
mechanical damage if it is to perform its function. 




TOOLS YOU WILL NEED: pencil, .str,ii«htodgi;, slrai>;hl 2 x 4, C clamps, table, utility kmh 
BENDING STEPS: 

1. Rolls, of flashing can be purchased in various widths 

" 'It should be available in the width you need, .lor ex- ' _ 

ample, in Figure r > I A. iliere is ei^ht. inches oi (lash 

. in^ below' i.',m;;nd. six incites above ground, plus :uc> 
anil one halt inn lies needed at the slope of insulation , 
and mother two inches Iq luck the Hashing under the 

~- siding; Therefore, the widlh needed is' lfi'/j". 
' v 2. To clil for length, use a utility knife and straightedge . , 

•••(Fiyiiro A). Use an old blade (a new one will dull quick- 
ly) 'nr\cl watch, those' edj>es-~- cut aluminum ed^es are 
quite shani' (Generally, eight-foot (en^dis will bend 
fairly easily * 

t. I ii bend . " , • 

,i) Maikthe bend'l.ne with ,l si ! ai)',hterl|;e i I ii'.ure Hi 
h) I ••an;; a'dull knife and the slraiejiiedne, ,.s< ore the 

I lashni); ,doin: the bend line 
j c) ( Limp the flashing between a straight 2 >'. 4 anil the 

ed*;e of.\a sturdy table with Cm Limps 
(I)- Align th(\ edge of the 2 X 4 and the bend line marked 

on the : Lishini; with tile edge of llie table (I inure C); 

tighten the Cm, lamps at both ends ol the > - 
c) Willi a bku k.of wood (about VI" long), push down 

on the aluminum neai the micldle; v bend it a liille 

at a lime, switching I mm, side 1o side. II may take 

three or four passes, back and forth, to make a 90° 

bend With |Kilienco, thouyli; a very heat, creased 
..fold can be made (Figure D). 

With prat tii e. complex bends (Figure I ) also can 
be ac hieved wijh this aielhod 

NOTE: Start with die pieces of' f lashingH-hat won't show 
; as niijeh.- I hin-gaugi'.galvani/ed flashing also carv, 

he'be-nl this way, but alu 



is much easier 



(c) 





POURED CONCRETE FOOTING AND FOUNDATION WALL 

A poured concrete footing and foundation walf'is extremely 
strong 'and will support* ihy tyr^- g.reenh6i3*e. rtf'^urf^li^ , 
and resale value iare primary •conside'-rations for your green-' 
house (or if btijlding_codps .require) us-crthis type -of'-founda-* 
tion. Reinforcing rod (";rebar") is recommended for soils 
where se'ttling or frost-heaving is a consideration. A two-loot 
depth foundation-, shown in the illustration JEigure 5.1 A), is 
sufficient for most areas,' where the ea-rth "freezes. A one-foot 
depth is sufficient in freeze-free areas. The ,5 Vi" thickness^ 
accommodates a 2 X6" silj to form a ( well-shaped structure. 
The footing is essential :in unstable soils. In cases -where trie 
soil is particularly stable and local codes permit it, the footing 
can be omitted (Figure 5.1 B). (Concrete and Formwork, re- 
ferenced in. the Bibliography, discusses site-built concrete 
forms, mixtures, e'tc) ' 

Construction: If I he soil is stable enough to hold 'a neatly 
carved trench, Ihc continuous foundation without a footing 
can biybptired u'sing the earth as the form (except, of course, 
-akoveiKj^^ In ^jtow Jre nching shovel is 

. very nSc^uHpft(;liggihg a neat; trench, . ~~ - ~ 

Insulation should' be wired into position on the form or 
''pinned" into the. I'hrth with long nails before pouring the, 
concrete. Be sure that the St.yroloam is secure so that it does 
not float In the licruid concrete. ; Also, make sure there are no 
unsupported areas of Styrofoam where the concrete i niiid. 
bulge and possibly l^eak it. If vvpocl forms are. used, insulation 
can be applied after the concrete has set. and dried., 

Building the forms, installing reinforcing rods and position- 
ing anchor bolts. are not discussed hi; re, as these- steps are 
standard foundation practices. • 

A continuous foundation is the most expensive way to go. 
If you are .experienced,-, though, you should be able to keep 
costs to a minimum. Every eighteen running feet of 2' deep, 
\5'/j" thick concrete foundation with looting wilhrequire one 




FIGURE S.1A I'otired c oncrete looting and loo nd.it ion w|i 
(shown witli insulation on tli'e outside) ' , i I 
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FIGURE 5:1B Concrete foundation wall without footing — for 
use in very stable soils (shown with insulation on the inside of 
the wall) ' 1 



cubic yard of concrete. Every fvventy-one feet of the founda-. 
tibn without footing, 5%." thick, 2' in the -ground and 6" 
above ground, requires one cubic yard of cpncrete. Besides 
concrete and insulation, you alsQ,will need the reb'ar, wood 
for forms, anchpr-^bolts, and treated sills. Hiring a backhoe 
/ to dig the trench is another expense to consider' unless you 
dig it yourself. . '., 

Recommendation: If a continuous f otj|9ciat:iori is needed 
for, strength or to me el local building codes, -.use it. But, if 
you haye little experience with concrete foundations and you 
\vant 1.0 cut costs, consider a different option. 



POURED CONCRETE FOOTING AtJD CONCRETE OR 
CINDER BLOCK WALL FOUNDATION 

The advantage of using concrete or cinder block (instead 
of poured concrete) for the foundation wall is lower cost for 
materials (although you should check local prices before de- 
ciding). Blocks are not as strong as poured concrete, but they 
are, certainly strong enough to support a green'house if con- 
structed properly. - 

Construction: The concrete; footing can be poured directly 
into a trench-in very- stable soils, or can be poured in forms. 
The masonry skills required to buikf the°i>k?c k wall can be 
■■minimized, by using surface-bonding cement'fone trade name 
is Blpck Bond). After the first row of blocks' is. leveled onto ' 
.the footing with "mortar, the /emaining blocks are leveled in 
place without' mortar; then, ;lhe surface-bonding cement is 
troweled on both sjdes of the blocks. Follow, the instructions; 

, that come with the .material' carefully: bonding cement is- 
quite' easy to. use and quite strong. (See Cr3nstruction with 
Surface Bonding in Bibliography and check your local build-' 

-^ing supply outlet.) ■_.,"■ ' ' 



. For additional support, a. vertical core of blocks should be 
filled with concrete every four Teet, and at the corners. As 
shown in. Figure 5/2A, a rebar should be set vertically in. the 
footing where each filled core will be. -The rod should run to 
near the top of the filled core Carefully plan your effort to ' 
set -the bars in '.he wet concrete of the footing. Use anchor : 
bol'.s in the filled cores to hold the sill clown. 

"Bond beam" bloc ks (Figure 5.2B) may- be used for the top 
course of ' blocks on large greenhouses to add even . more, 
strength to the foundation. This type Deblock fdrm's'a trough- 
jnto which cpncrete is poured, forming a beam. The added 
expense is worthwhile where extra strength is needed,. 

Recommendation: A^biock foundation wall is an excellent 
alternative, to poured concrete. If a continuous foundation is 
needed -for strenglli and blocks are cheaper than poured con- 
crete in your/area, ;use it. But, if: you I'nck the masonry sk i Ms^ 
required, consider the following options. ( ; . 

POST fOUN DAT IONS 

Post iou:id,uions c ombhe strength with low cost. They are. 
noUas strong as continuous concrete foundations, but none- 
tTieless are adequate for windy areas; and can be qu'ite 
strong if constructed properly. One of tin/ main considera- 
tions with post foundations is whether /you are prepared to_ 
utilize post and beam construction. Traditional sturUvall 
framing, which is used with continuous foundations, is more 
f a m i I i a r , b u t cl o n 'It b e i n t j hi a I e d_; l :> os t a n d . b e am t onstr ui t i o n 
is not inherently more 'difficult, only different. (More &,a 
framing in Chapter 6.) ' ,- ' r " 

A variety of materials can be used as posts:°snrafl trees; .AX 4" 
wood posts; galvanized nretaL|oipesj..J.reajexl posts; or. Other 
available materials. (Square posts are easier than round Ones- 
'to 1 build onto.] ' ' > • " 

A primary consideration is'fo protect wood 'posts from 
rotting. VVwxi posts (other than cedar) MUST be thoroughly), 
treated with a- preservatrve. Wood can last up to 50 years in^_ 
the ground, if it Is factory pressure treated. Untreated or poorlv 
treated wood may cjecay in five years or less, depending on 
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FIGURE S.2A Concrete block foundation wall witbeoncrete footing 



the moisture con.tent of the soil. Home treatment e^vvood is ' 
'adequate if the, preservative is applied property. 'Use a copper- 
napthanate or other copper-based preservative which is non- 
toxic to plants. Don't use creosote or pintachlorophenol: .1 hose 
compounds are toxic to plants. . Apply \ the preservative 
thoroughly and expensively :o the part of the post that will 
be in the ground and withiiveight inches of the ground. Three 
or four coats are not too many. FollQvral|i.procliict instructions. 




FIGURE 5.2B Alternate detail. of a bond beam - , 

NOTE: If the struclure Is subjected to extrerne stresses i.e. seismic or hurricane loads a 
bond beam should be used and local codes consulted. A fully grouted and reinl. bond 
beam block forms the bond beam thai lies Ihe top course together with-lhe vertical cor- 
ner reinf. and allows the foundation to act as an integrateH unit. . 



carefully. Be careful rjot to touch or breathe the, fumes of the 
preservative.- Where possible, :cut the wood before preserving 
it to ensure a continuous. treated surface and to avoid breath- 
ing poisoned sawdust. Rerrie'mh.er, the preservatives work a-s 
vv el I a s ±hey d qjb ec a u s e the y .a re poison If you opt tor met a! 
posts, they should be galvanizei jo prohibit rust. " 

Construction: Posts can be spaced one every four feet and 
embedded in two toot deep holes, or . they can be spaced 
every eight feat and embedded in three-foot-deep holes. Eight- 
foot -'spiking is n practical maximum; wood posts spaced eight 
feet, a part should be at least four inches square (or six inches 
in diameter, if round). °{n areas where frost-heaving is possible, - 
posts shouldextend --below, the frost depth in the soil. In- 
terior support posts (Figure 5.^)°only need a concrete sup- 
port pad' about eight" to ten inches, •sci.u.nr.e... and. about eight 
inc hes deep aH bpef ii lly',""t he- ground w i 1 1 not freeze Inside the 




\ ■> C WS7- cuts?- /A/ro 




"IfFeenhouse:, At sites where' two-foot-cleefi insulation is . re- 
quired, you ca/i dig. a- trench two feet deep_ to accommodate-" 
the -insulation, and dig post holes -another' foot down where." 
each post will be placed, ^ ■..■'■'■ 

'• The post hole's can be as small as eight inches, across if 
your soil is firm'enough and doesiVt slough back into the hole. 
A posthole cligger"'br a hand or< ma'chUi<* auger, is useful. If 
your : soil won't hold an eight-inch diameter hole in which to 
pour -concrete around, metal posts, round cardboard forms 
(available from buiders' suppliers) are useful, Backfill around 
the forms-,befpre pouring the concrete', tamp*ing carefully 

raod-thomugJil^. Thcrcardboard can be'' left to rot below the 
surface of the grou ncj?^Bov5'grot| rrjW t-ea r»4)'^oaJseJjAlih_ 
water and peeled off. The concce.tp'fleeds only protrude three 
or four inches above ground. Slope the top of the concrete 
slightly so that water wil) run off. ' 

■■rr "Wooden posts should be embedded in. tamped earth, and 
not in concrete; Some experienceswith' wood jn concrete have 
not .been good. The wood can absorb some-moisture when 

—the concrete is freshly 'poured,' thus causing the- wood to.. 

■ expand- When the concrete dries, the post may shrink, and. 
bo'come loose. Two problems are created: instability and a 
place for.waler to enter between the concrete and the wood. 

°A small footing of' rock' or six to eight inches of concrete 
should be set in the bottom of the hole for the post to bear 
pn. These small concrete footings should be left; to set for a 
clay or two before placiiYg the pdst. .v | 

: Use temporary bracing and a long level or plumb -bob to 
•>(•: tin' post in straight. The temporary bracing miist be strong, 
enough to hold thevpost still and straight if .you bump, into 
it [j : igure 5.4). Using sturdy ground stakes or perhaps a jnear^; 
by building, brace several posts together to be sure that every-, 
thing is stable and secure. A crooked post can give you head- 




FlCtlRE 5.4 Method of placing a sfructural.post 




A concrete-foundation wall 
provides heat storage in the 
green house when (S I yro loa m) 
insulation is placed on the 
exterior side. , , 



. aches with the rest of the construction. ;^ 
Wood posts set in well-tamped earth are quite strong if in-' 
tailed properly. The technique of tamping the earth firmly 
around the post is very important.. When the footing, post 
and bracing are in place, backfill -two small shovelfulls of 
earth and. tamp until the e^rth feels solid. Use a 2 X 2" piece . 
of wood or a narrow pole cut flat on the-bottom for tamping — 
a wider tamper will spread the force out too much, resulting 
in uncompacted-e.arth and> an unstable post.- Continued this 
grocess, placing small' amounts oPearth into the hole land 
tamping until the hole 15 'filled and\post is rigidly in plpce. 

; Do not throw wood scraps' or other organic material into the 
hole, since tluVy will eventually rot a\id create voids wpiGh 
could destablilize. the, post; ■ - \ • / ] 

Insulation: In areas where two-foot-"deep insulation is .re- 
quired, it is. easiest totiig a continuoOs \wo-foot trench, with 
deeper holes for the posts. A backhoe j-nakes this task' much 
easier if you, can afford it. Pbsts'sor concrete forms are set 
..•'first. .Styrofoam is installed next, and • finally ' the trenqh is 
backfilled.. Backfill around the posts and insulation slightly 
higher tl;a.-. the* ie.vel of the earth, so that water will drain 
away from :'ne foundation I .nr.p most ion efully around the 
p'psts or forms, and more carefully around the Sluotuam 
As mentioned before, avoid large rocks when backfilling 
around the Styro'foam, and fill each side equally as you go 
Lip, to avoid bulging or breaking the foam, ^ 1 



: As. illustrated in Figure 5.5A, a treated 2X4" is sufficient, 
for spans of f pur feet- of less, while'a 2 X6"j is;needed tor 
larger 'posj spacing. The Sytrofoam is fastened to the back 
side of the support board with a 1 x 2" and a*"fevv .galvanized 
(see Figure 5'.-5A). • ■ ' • ■'_ ■ 

, ..For one-foot-deSp insulation-, a. small Ifen.ch can be dug lor 
the insulation after the foundation and greenhouse i ram 



ing are done. Alternately .the insulation can "be installed a,s 
the posts are set. Hovvtjyer, a good rule of thumb is to finish 
the foundation structure before you do anything else, such as' 
install insulation orbegin other construction. ^ . ■ 

Pier Foundation.. 

A variation on the post -foundation -is the pier foundation 




^'■t- /-tie jj*ivs ZfJX szuss cki" 
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FIGURE 5.5^ 4X4 post foundation 
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(Figure !j.6). It uses a poured concrete pier with a galvanizq'd 
net,'. I seat for the post. (Metal seats, are .,availab|e frotn 

: b'uilcling/s.Lipply 'dealers:') The piers, generally Used with 4 x"4" 
posts, afe .usuaily poured in an eight-inch diameter cardboard 
tube form, although an 8x8" square, home-built fp ( r|ri c,er- 

■ tainly works as well. A pier foundation has the advap^gejof 
keeping the wood out-of the ground to avoid rotting, hut its 




'disadvantage is being less. strong again-?*.' wind More diagonal 
bracing is required 'in the greenhous^with this type of, foun- 
dation-, since the -posts are fairly easily bent where they con.f 
nect to the - piers. -Posts set in the ground ;ayoid this problem. . 
For unstable soils, add a 12".X 1 !"■ jcon'crjet'e footing, eight in- 
ches deep' under -the pier (Figure 5J6). Depth and insulation- 
guidelines are the same as for coptiriuqus poured, concrete 
foundations. , 




FfGURE 5.6 Pier foundation 



FIGURE 5.5B .Metal' post foundation with lightweight krieewall 
glazing support 




/rmivr grazer , 
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FIGURE 5.7 Railroad tie foundation (ties approximately^" X 8" X 8') • 




■ Recommendation: Use a. post foundation if you are pre-N- 
' pared to use.post and^beam construction.-You can lower your ..^ 
material costs considerably, not only/for .-the foundation, but a 
for -the tram frig as well,. Also, the lighter", more transparent 
construction with "metal-posts and beams allows-more sunlight 
into your greenhouse. On the' other hand, if yoVrwant to use 
traditional stud-wall framing, don ; tuse "a post foundation. 



RAILROAD TIF. FOUNDATION 



One .oTlfre-Jjjwest-cost foundations can be constructac! 
w thkisecl railroaa^ties^ Easy to install,: railroad .tie foun-. 
dations-are most usef u nft^acgas w here it is not very windy; 
th|ey -are very good for temporary structures. Railraod ties, 
may la"st rrfariY years, depending on their condition .when .you 



get them, and provide a cl,uraWB,J-nexpen5-i-ve-<i-l-t-e-r-n-a-t+ve-for — 
the greenhouse bu'ulder locking to keep costs to a minimum. 

Construction: A depth df one railroad tie lying on its side - 
can be.-usedJn-.a're'as where' frost-heaving is not a problem, 
although a' depth . of at least two ties is recommended. Two 
coursesof ties can be overlapped and spiked together.' Sloping 

• sites may require more courses! Dig the trench deep enough 
so that the top' tie is .aboutihalf-exposed above grountj, and 
so that the insulation can beiinstalled on the outside. 

- When selecting used .ties', I be careful not to choose moist- 
looking .ones — those that j s\t i 1 1 contain -vV 'lot of, creosote. 
Creosote is' toxic to pianist |f you plan to plant directly in 
the ground (inside the greenhouse)! the ties must be covered 
witlvpolyethylene to keep fhc!" creosote from. the plants. Line 
the trench wiih- 4-mil polyethylene before placing the ties, 
and wrap the polyethylene abound them, stapling the open 

>encls across the top so that th^ bottom plate of the wa-ll will 
hold the plastic clown. _ \ ' - ■ 

The railroad ties must be secured well. Drive .stakes into , 
the ground directly next to thb ties (on the interior or both 
sides), -Figure 5.7. The stakes c\n be metal or sturdy, treated 
wood. /The stakes should be t\!yo.and one-half 'feet Jong in 
ar.eas.with very low winds and'atlleast three feet and preferably- j. 

'•/our-f-e-et'lorig/m-w.in.dy-'apeas-.^Stcikes'shoiild be' spaced ev'ery ,- 
fqur -feet-or so,- . altiiough'the nuni-ber-. of stakes us ed\s'h { ou Id' ■ 

, be increased in Windier'aroas ,. ' , '', , ,, 

',' 11 the grdu'nfl~:is hard cir rocky, "metal stakes' vyiU'be necessary. 
One-hajt-inclvdiameter, solid metal stakes,, used lor holding 
concrete forms in plaecy are good. I hey already have holes 

' clnllechin them tor 'easy fastening to the -ties. Mvtal fence- 
posts !.r scrap metal nine-, also will work, but holes must be 
drilled. Use two Kid .or 20d galvanized nails per tie to anchor 
them to the stakes. Additional 10" or M" spikes can be used' 
down through the ties tor more strength. Drilling holes in. the 
ties will make it much aasier to rjrive the spikes. (Note: 
Pieces of reinforcing bar cah be used instead of spikes.) 

The bottom plate of the wall should be»centered on the 
top. railroad».ties. Use a chalk line to mark the center line 



r>f jhe top lie--. and m-tal! (lie in.i;:;>n.: :.-jm:;m plate ,uu>:d 
rngly Bevel the outside edges ot the top row or tiys to elimi- 
nate water buildup Use a large chisel and hammer, or a chain- 
saw or circular saw— the beveled ties will be covered wiTlr 
flashing, so don't worry if it's not pertect. 

Clean out the trench to install the insulation, being careful 
not to disturb the earth under the ties. Backfill partially at 
first to hold the insulation in place, then install the flashing. 
Then, backfill completely. i 

Recommendation:. If. your budget is tight and you are build-- 
ing ^ temporary greenhouse, a railroad tie foundation may be 
ex'actly what you .need, provided you get the ties at a reason- 
able cost in your area. Bui in areas with a lot ol frost heaving 
or a lot of wind," consider another option. Also, a railroad 
tie foundation is not recommended tor permanent structures. 



Railroad ties ate nutting expensive — i 10.00 apiece in >ume 
places. Hut-chock mound: sometime'. ,i stack ol ties, layinu'iille 
in a'tield can he obtained tor the askim; ■ 
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GLAZING SUPPORT : 

T he glazing support system needs to- strike a . balance be- 
tween adequate support for the glazi;ng and maximum 
~. light penetration for solar heating and photosynthesis, The ; 
old wood-and-glass greenhouses strike this balance fairly well. 
Solar greenhouse builders would do Well to "review'old solu- 
tions to their present. problems — not only for solutions but . 
fpr inspiration as well (See Chapter 7 for glazing details of 
old greenhouses! . " .. ' ' ■» 

' Different glazing materials will span different widths in 
different rn.stallafkjns.Jrhc? following rules of thumb may be - 
used to si'/e glazing raf.ters~To'miost-snow and wind loads. .. 
these rules assume the use of good solid timber with no splits 
,. or large knots. 'Also, the term '.'spiln)" reffrred to below, is ' . 
" ttefined as the horizontal distaqceibetween rafter supports 
(Figure 6".1). ' ' / 

For spans up to eight feet, 2 X 4" Lraf ters.may be used- 24" .' 
aparf Or, as builders- say, on 24" cei\ters.. Blocking should be 
' installed every four feet along the jaftei* and at the. 'ends. 

For tempered glass of 1 double-glased uniFs, use 2 x 6s on three- -,. 
, foot centers' (or ; centers fh-atmatch the width's of. the gfa's',s| to •„ 
■ si!]pp i OTt'the'\veijgKt.c|.'t.Hte igla$s,.,A g^J^^^^ 
■ ■ .post su ppb'r'f 'a t ! the 'niidppi'n't of :'2:X 4";, ra/te'rs a ls,o ' may^be • '.. 
//..lis^d'tp.ac'bofn C.'a|vahized,Tjip,e;pos'ts ' 

a'nd, beams afe'strong; rot' resistant, arid do not block, rhuch 
Tight, Lighter framing' can bemused, provided ■ there are no 
, structural defects in. the wood. For example, old glass greef^ 
house glazing rafters (called "glazing bars") arcs, only 1 '/j'^'X- 
2" and span five or six feet on 1 6" centers, 

For-spans up to 1 2 feet,. use 2 X 6" rafters on 24" ce'nterl^Qf* 
-» i-ise 2 x 4s with support. at the center. For tempered'or double? 
'glass', 'use. 2 X 6"„ members -faith cenfxa/«s.ugport, -on' centers as'--, 
the glass, requires. Also,, whenever usingwlarge .glass'.p.ieces, 
use,, blocking or continuous rafte/^D.Iates at th.e ends of- each 
glass section. ■ • . . " . ^ , ' '.- '■■. . ■ - * [ 

• - For larger spans : of in spep'al cases, such as areas with ( 
heavy snow lpj<^ror. : <fe|^^!ll^^6hsSl'i'an¥rigIoeer or archi- V 



tect, Also, someTJtiilding codes may require heavier* framing 
than the Tecommendatiorvs above, so check' with your local 
'building inspector. In general, though, use the lightest, small 
, est.wood you can get away viHjfi for the glazin'g rafters: green- 
house plants wi'li appreciate the cx'tra light. 



. For, vertical, glazed .sec Iio.'"!.s — knet >. w alls and end walls'— 
*r^??"fra'ming support is-.necessary; 2 X3s or even 2 x 2s are 
adequate as long as the weight' of the roof is supported. else- 




FIGURE'6.1 Construction terms to understand 



whece (as Avith post foundations and bVam supports for the. 
rafters);~2 X 4s ; ~are- adequate for tempered or double .glass'. If 
the kneewall is supporting the roof rafters, use 2 X 4 s at the * 
same frequency as. the raf ters; thaV is, the end of each raftei; 
willbe supported by a verticals X 4 directly underneath (see, . 
Figure 6.2): This type of structural kneewall is used with con- 
tinuous foundations such as concrete, block wall or railroad „ . 
tfes, and can be.iused with any type of glazjng. • 



FIGURE 6.2 Structural kneewall shown with railroad tie foundation 
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/The structural kneewali shown with notched vertical sup- 
ports .-(Figufe 6.3) is . Used primarily With 'glass ancLrabbeted 
rafter arrangements, as this. makes the rahb.etting work sim- 
pler. Triangular Blocking is used between the Tops. of the ver- 



tical kneewali 2.x 4s. -or a continuous triangular /member 1 is 
let i'nto -the vertical -supports to carry the top<of the knee- : 
wall glazing (see alternate technique/ Figu.re o 6, 8). • — 

. With the post foundations (I igure 6 4 or 6.5) a considerably 




FIGURE 6.3 Notched structural kneewali shown with concrete foundation 
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lighter .framing may be used for the kneevyalL^™,^..^-- 
rafters are_supported;by pipes (or other bean^and posts), 
the.olde'r greehhouses^vith post foundations, the whole^knee- 
wall is cdmp'rised of long vents whicj^-'ppen to gjve remarkably 



■ong as the 
I. On 
nee- 



good ventilation. In such cases, the kneewall is not supporting 
the rafters. -Some support is given the rafters by the save (or 
bottom plate of the rafter) which is hejd'up by~fFosts; the rest 
is given by. pipe .supports inside the greenhouse. The lighter 



,,t, , \ 
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FIGURE .6.4' ..Lightweight glazing support using metal. post foundation , 



/J ,t m w . frmrtr - 




embers to a 



vertical 



FICu'RE (j.S XiglUweigh't 'glazing su ppbft^ising vJ/pod'P9sl' 
^fo'tincl^Jibh and.metnlnn'cl flipe interior support 

framing-'is generally used with single jj; lass, 'fiber-rej.ijlfo.rced 
plasL'ic 1 or polyethylene glazing.' (Figi re ...6.6, illustrates -the 
method of splicing two horizontal n 
post.) 

For freestanding greenhouses, with 
8' X 12', ties across the rafters are recommended to hfj>lp keep 
the roof from collapsing: The ties can be' wooden' or gal- 
vanized cable to lessen light obstructions. The number and 
■ size of trie ties. depend on the configuration andsize of the 
greenhouse^ as welllas snow and wind Loading conditions. 
" Generally, though, every other glaring support rafter is tied 



I loor plans larger th'an 



", FIGURE 6.;6'^MeJhpHiof , S'rjl,icittg'tw.q..^pri?pntal members 

■ ; ' \\^th'''A l 7pund metal post : 'V. !''.'' ' 

at its midpoint t|)' the midpoint of the rafter opposite if in the 
north roof. Variod's materiaj's'and methods can be employed 
to execute thesejconnections. A lapped tie, gusset tie or cable, 
tie (Figures, 6.7) are equally suited to the task. You should use 
whichever connection is e ; asiejst and most convenient. 

Another f.actpr to consider here with '/respect to glazing 
supports is. night insulation. Make,; t sure your glazing support 
system , is compatible with your glazing insulation scheme. 
Some interior insulating blankets require a clear span all the 
way across the glazing, so rafter ties,., blocking, or support 
pipes cannot in the way. 



\ 



Joining rafters of attached greenhouse to the house. 

Where rafters- or rafter ties join the house, a plate or 

ledger (usually 2 X 4" or 2 X 6") is lag-screwed into the studs 
- .of the house wall (see Figure 6.11): There are several options 
vfor making this connection? On low pitches, a galvanized 
joist hanger can be -u>ed (Figure 6. 8 A). 

On steeper pitche's^though, the notch in the bottom oi the ^ 
rafter may take too big a bite out;. of the rafter. Angled 

■ metal caller hangers a,r.e available in some places.. Alternately, 
a scrap piece of Vi ".plywood can be, nailed on the end of the 
rafter before the, rafter is installed;. the plywood is then nailed 
securely to the plate on the wall (Figure b.lSB). lie sure that 
tine plywood is exterior grade, and that the. edges are p:imcd. 
well-sealed and painted. , . , ... • 

Rot protection for glazing support systems 

A great deal of water, in the form of condensation, will ' 
collect on the inside surfaces of the greenhouse glazing and t 
the glazing-supports. The water, transpired by plants, con- 
* " denses on the cold glazing and support surfaces, and flows 
down via the most convenient path. Water condensation is 
somewnat less of a problem in attached greenhouses: For 
at least part of the year, moist.air in the greenhouse is vented 

■ into the main house and replaced with drier house air, 'How- 
ever, such venting is not: operational year-round. Thus, care 
.inust be_taken J^OjbuHd_ all; surfaces- of bo th -atta c hed and 
freastandihg greenhouses — Inside and qui— toshedswater. 

In the old, single-glazed, lappe-d-glass greenhouses, water 
condensation channels were provided in the rafters* their, 
selvewfee Chapter 7). I he water ran clown each piece of glass 
to^dri overlap, where it then ran sideways to ■ the,glazing 
bar (supports). I f then dripped down channels in the ras ters, 
into a gutter at the eave-, and off to a convenient collection 
area. Preventing dripping was important in many of these 
• greenhouses, since water drips could spoil valuable flower 
crops. , j 

In double-glazed solar' greenhouses, less water tends to 
condense on- the inner glazing because Its surface temper- 
ature stays warmer than do;es single glazing: Solar greenhouse 



builders need not worry about channeling all the. condensa- 
tion off to a single locations, birt must be concerned about 
keeping this water, from rotting the greenhouse surfaces. 

The most important step is to eliminate all surfaces where 
water can build up. The top and bottom plates of kneewalls 
are the most common" place inside the greenhouse where 
water settles and rots the wood. Thus, all plates should be 
sloped inwards slightly to shed water. Plates should be beveled 




This corner detail shows con- 
sideration lor rainwater runoff. 
The slope ati the sills below 
the glazjng helps-protect the 
wood from rotting. 




NOTE. Fc steep p tcr-er. a scrap Piece 
ot 1/2" eiterior plywood can be nailed - 
4o the end of the rafter before 
inStaHation, and then (he plywood 
nailed > secu .rejyjflliia.plale onlhe-watl- 



10 lorm a gysset plate. Be sure the 
edges ol the plywood are primed, well 
<■ • sealed and painted. 



A. Using joist hangers^' 

NOTE: That on steeper pitches the 
notch in the bottom ol the 'ratter may 
take too big a bite out of, the r atter 
affecting the depth needed for a 
.particular span. (A) 



Rafter hangers that fit a set pitch (B) 
. maybe available to -alleviate this m 

problem. 1 : . . , 



FIGURE 6:8 Rafter to will connection _ x 



and all studs and raftets connected to. the plates should. -be 
cut to account for this bevel.' You may think thaf beveling a 
board [for the sill) along.. its entire length is too difficult and 
time-corikuming, especially rf -you-must use^a hand plane." An 
alternative iis to add a piece of beveled redwood siding prp; 
top of, 'the plate (see : Figure' 7.16 in Chapter 7). Whichever 
method you prefer, the extra effort will add significantly -lo- 
the lifespan of'the greenhouse. . 

A- second step 'is to use rot-re.sistant wood;.. Redwood or '• 
cedar often is used/ but- both*are' qui.te^expiensivje.' JJig alter- 
native is to treat: the. wood to resist:;rofr<Pfeservatives con-'' 
taining copper naptha'nate are acceptable— .the. greenhouse 
can be used approximately .one week after applications. Re- 
member, don't ifse pen taoh lorn phenol! or- creosote — these 
preservatives wiJI damage plants! " • i ' - 

It-is, most critical to treqt-the wood used for the s/7/-(thef irs't 
board attached, tip the fo"u'ndati.on).lSonGrete or earth carries 
moisture to this vyood, eventually causing rot problems. Some; 
people treat dH the greenhouse wood with preservative, then 
prirhe and paint] Use a good quality, oil-based primer and 
two coats of oi|-b-a-sed paint' on alMntefior' greenhouse parts 
'{'exc'ebj'.plan't^r.-rieds}r^i^,^'n'd. paint before the glaring is 
j 0it4JJ£d^B^haJ^ re protected ' Also" if s 



SOLID WALL AND. ROOF CONSTRUCTION TIPS ' 
Moisture-proofing the waJIs and roof 

Generally, standard, construction practices can be applied 
when building the solid'yyal's ant! root of a solar greenhouse". 
One.main exception is that '"'the inside must|b.e mc^sture-prpof. 
During' extrem.ely' cold weather, water ..vapor. Can condense 
.on the inner surface of insulated walls, barjtjc.ufarry \vhere'.in- 
■sulation was missed- or where solid„material (such as block- 
ing) is in the wall, ..,'■•. s, „ ! " *-'•'• ;t ' r 
.'•|3ujlders mi'ist compensate for mois/ure. Standard exteri-of 
b Li i Tc 1 1 n g 4 p fa c t i c e s are essential, and if you follow, the*sifgges< 
t ions lis ted.be low regarding the interior, you Should have little 
trouble with moi5tu|-e in-ypur Solid'vvalls and roof. - ■ 

• Use glass 'fiber and/or Sty rofoam insulation. Moisture 

; will not ' destroy these, ;Qo not use cellulose. - . = 

* Use a continuous : 4-mjl polyethylene .vapor barrier on 

the interior surface of the. studs ana-rafters. Raich any — - 

holesln the. polyethylene before she'dthing. • y 

\. * Use water-resistant jhterioi -■sheathing./BM^iorjplyymgd 
. " with a finished aide.' "A" side] toward the interior; e.\- 
■ terior siding; or vSaterproof sheetrocL-are all acceptable. 



easier to paint before tbe glazihg is in place, 

If the wood is frea^d%rth'a : preservative- undercoa ting, it 
will la.srlongeTliTan. if it is'-just primed and painted. On the; 
other hand, if uh treated wood is kept well-palinted, it will last; 
a long time. A fresh coat of paint t-rpm time to-time also will • 
/enhance I ight.ref lection ohtq; the greenhouse, plants. ■ 

When cutting treated, wood; use.- a dust/. mask; 'DO NOT , 
breathe the'sawdust; separ/ate .the sawdust from any that you < 
may u'se for-OTulch.or composting. Also, be careful wj.tfejjre-. 
seivative5^'k^B^ero.LofKyou.r skin and away, from living 
things in genera J.J-f. ;youfpl'^'tq^lB'nT-djrecyy in the- ground, 
inside the greeBh'b.t£se, tlreat the wood elsewhere so that no"' 
preservative drips onto the soil. . . V 

Finally, use only galyajiized- nails. "Bright" nails, as non- 
galvanized nails are.caf-le^will rust and contribute to rotting 
the wood. ■ ' ' '■■■■■■' •■ i . ."■ ' - 



Do NO,! use interior plywood, regular 'sheetrock, 
Homasote, particle' board, f^asohite/'or cardboard. All 
. • of these less durable materials can be treated and 
painted, but they won't Iasj.^ver\'l0ng after the first 
crac'ks appear Jn the paint. ' , . . ' ' •■".■■, 

• Use galvanized nails only. 

Prime the-intedor surfaces with oil-based primer. 

'• After priming, caulk all the- joints and cracks with 
latex or butyl caulking. 

•» Paint with two coats of gloss white enamel. Don't use 
: a specular reflector inside the greenhouse as it may 
. concentrate too much on a particular spot and burn 
the plants. (A specular reflector is one rh which you 
can see an image reflected clearly, such as a glass 
mirror or aluminized Mylar.) . . 



• Be sure, the interior sheathing overlaps the edge of the 
idundaUoh, so.l/iaf condensation can run off. 

• Vent -the insulation in the walls and roofs as in Figure : 
6.9, so that any moisture which does get into the insula- 
tion can escape. (For very small solid roof or wall areas 

- • on some^attached greenhouses, venting may not bo 
worth the effort. Venting is more critical on larger roofs 
and walls.)' 

Wall and roof insulation: How much is enough? 

" S trper-i hsii la ted "walls and roof are' not warranted in a 
greenhouse; simply because such a large portion of the heat 
lost from "the greenhouse. goes out through .the glazing! J'n a 
typical small-solar greenhouse, doubling the insulgtive value 
of the solid walls 'and roof may cut'the heat loss for the -whole 
greenhouse by only five percent. With this in mind, the follow- 
ing rules of thumb may be* used for designing walls and roofs 
for greenhouses. For cold climates', 2 ' x 6" f r a ming with. 5.V2" 

fiberglass ihsulatibr. or 2-.X.4" framing with 3 ". .fiberglass 

insulation and 2" of Styrofoam under the exterior sheathing 
maybe used. In more moderate climates, 2 X4" framing with 

3 Vi" ' fiberglass insulation is adequate 

Solid wall framing guidelines * 

■When using continuous foundations,. solid wall framing is- 
identical to conventional house framing. With the post foun- 
dations, however, the wall will span the distance between 
posts. 1 If the wall is sheathed on both sides with plywood, 
the plywooo) (with sheets appliedjiorizontally) in combination 
with the studs will act asa beam and supplyi - the necessary,, 
strength to span Lip to eight feet between posts. Use galvanized 
nails, spaced six inches apart, to secure the plywood to the 
studs. If plywood isn't used, a treated 2X6" board bolted to 
'the lower outside of the posts will act as a beam to help sup- 
port the' wall between the posts (see Figure 6.10). A treated 
2X4 maybe used for 'posts spaced every four feet. The wall ' 
may be framed flat on the ground, lifted up onto the treated 
2X6" beam, and nailed in place. This process is easy for 




FIGURE 6.9 Venting of insulation in roof and solid walls ■ 



rectangular north walls of freestanding greenhouses. For end. 
walls,' where you may [be filling-in between rafters and the 
: treated 2 X 6" beam, itfnaybe easier to nail„the bottom 2 X 4" 
plate! to the treated 2 x 6" beam, and then put the top plate 
and studs jn place separately. - 

Attaching Solid End Walls to a House: For attaching end 
walls' to a house, it js easiest if you arc able to plate the 
last stud. of the greenhou.se side>wall against a |tud in the wall' 



of the house. .Thf gre^'nTiouseistud trjen can be lag^screwed' 
into the house stud If the,greenhouse wall does not end at.a 
stud in the house wall, -the. greenhouse stud can b.e lag-screwed 
info the bottom plate of the house, wall (and- ffie top plate if' 
the greenhouse wall is_ tall enough) and expanding bolts can': 
be used Jo fasten the middle and top of the stud to (.he e.v. 
•terior/'sheathing of the house (see. Figure 6.11). If. the green- 
house framing or sheathing is in contact wjth the house fbun- 




FICURE .6.10 Etaming of'2 X;6 solid wall on 4 X 4 post foundation (posts 8'0" on center 
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dation, preservative should be u^e«:J on the greenhouse wood 
'jat'contact points. 

\ For end walls on pos] foundations, the treated 2 X 6, 
iV bolted to^he posts, can be supported by bolting 3t to the 
last stud of the end wall of the greenhouse (Figure (>,11),which 
is in turn bolted to the house. In this case,,.the a bottom- of the,, 
last stud of the end wall should be- 
as it wilK-end up close! to or-touch 



a sturdy metal angle should be baited to' the foundation of 
the house, using an expanding leai 
or masonry, on which the treated t 

Roof Frnnrting: In (erms of slructur 
rafters on l(>" centers are adequ 
span, Fqr six-foot s'pnhs, 2 X4s m 
'2 X 6" rafters on -16" centers will sp,« 



treated with perservative, 
ng\ the earth. Additionally, 



or' shorter, 2-Xbs may be used oil, 2 'g'.. centers. These rafter 
specifications will provide adequate roof j support for most 
show, yvincl and roofing material loads encountered. " 



INC. AND .PAINTING 

iay be; treated the same as 
roofing is inexpensive and 
drip-edge" flashing around 



1X1 1 RIOR SHI A IMING, RO(U 

The exterior of the sc5lid roof f 
the. exterior of any structure. Rol 
fairly aesthetic. Be sure to use " 

the edges. If part of your south Hoof is solid and part is cor- 
rugated fiber-reinforced plastic (FRP), corrugated metal roof 
\\vg for the solid part will neatly overlap 1 the' corrugated FRP 
Be sure the corrugations match bi 
Cutting through galvanized, 
somewhat difficult, A sheet-nit' I' a 
saw is'available which speeds tin 
jig saw vyilh a i\ielal-cut(ing blac 
and ear plugs. The alu,rninum-coi rugated .roofing ca n be. cut 

identical To the corrugated 
exceptions that galvanized 
,:ed roofing and aluminum 

nails with^ : kmVinum roofing,' anc 
tar may'Sbe used--f.Q.r metal-to-metal joints. Silicone should 
be used where the metal roofing Overlaps the FRP 



with tin snips. The installation is 
FRP (see Chapter 71, with the 
nailsyare used with the galvani 



•shield bolt in the concrete 
X d will bear. - 

'or .the roof, 2 x 4" 
lie tor up to an eight-foot 
ly be jused\on 24" centers, 
in up itb 1 2 feel. For 10 feet 



fore buying! 
•orrug.iied sjieef metal is 
cutting blade for a circular 
process considerably, or a 
■ can be used. Use. goggles 




■if 




FIGURE b.11 Iraming tor an eiidwall of a ^rccn hou ■>(.' to the 
house (using a post foundation tor ■the greenhouse) 



To best integrate the gre.Jknhou.se with the house, the exter- 
ior of the walls should , be, sheeted and painted like the at- 
tached building, where possible. Any exterior" treatment 
should include siding of reasonable qualify, jtight trim around 
corners; and eave (> s,' Plashing where necessary, caulking be- v 
-tween trim and sicfing, arid a paint or stain finish (see a general 
const.ruc.tiQn' text). Pa'flicle board, plywood or other glued 
materials' teixi lo decay quickly, if they are, not painted or 
- if the edges' are 'exposed. Before using these somewhat deli- 
cate materials, carefully evaluate the likelihood of- continued 
maintenance, If you' dp use'lhem, bailee all exterior corners 
and veiltitraf .joints, caulk all horizontal joints ami he sure 
I he "botlom edge ol ''Hie rilaterial is kept painted and un- 
ex-posed Iq splashing wafer. ,> ••' • -' , • - 

' • i'.. ^ . riooRs 

. ' For. <f .1 o|v4vbs\jjrecfi hoy sty h dirt floor Is line The addition., 
of some gravel in, the pathways will help keep thuTloor from 
getting mudjjy and keep greenhouse users 'from tracking mud 
! into the house.' Olcl bricks or .chunks' of concrete' also can 
■ make nice pathways.. , ; '' - . 

A poured concrete' floor, is rather ex'pensive.^lthough.it has 
distinct advantage,:' ,1 1 can be cleaned? Being. able to. clean 
• 'the floor, Ts^efW,f6r;rontro 

Pests lay.eggs in, nooks and crannies everyVyhere, a.nd a rough 
.■ v \.fldor'pYesen.ts m.ariy irjvj.tinB locatidns. ' 
t Insulation. under the floor not. recommended for a low-' 
epst greenhouse^ The 'expense is high, relative ip the amount ■ 
'' qF'heal saved. Insulation around the perimeter (as's'uggested ' 
in the.Fouridation section) is far more useful. ' - • 

" DOOR AND VLS I IBLJ I tS 

For attached greenhouses, qne'doof should lead directly 
into the attached building if at all possible". Direct' access 
saves heat, eliminates -the need for' a vestibule, and mini- 
mizes 'shock to thi; plant during cold. winter months": Quick 
and easy access' also promotes better management -and 



greater use of the .greenhouse, especially during the c old 
months, Instalf a screen door as well, if y.ou plan to use this 
"direct access" opening to vent solar heat: It will help°jceep 
greenhouse pests' out of the-houser'and house pets out of the 
greenhouse! . 

A second door should be installed that legrj.s to the out- 
side. This "work access" will be used to: move dirt, plants, 
wheelbarrows and people in and out,. The outside door, wide 
enough to admit your.wheelbarrow, should be place^-rrrnTie 
least windy side .of the greenhouse if possible. If the ."least 
windy side" a I so 'is an area that should be glazed, a trans- 
pai\e'rit door wilh any plastic glazing shoulrl be built (see 
Figure 6,12). It should hv dolible.-glaz.ed {if I ho greenhouse is 

double glazed), tightly sealed, and wea I herstripped. If the 
"least windy side'"is a solid wall section, '.most any door will 
do. An insulated door is recommended, but it: is more impor- 
tant that the door be tightly. sealed and wea'therstripped,-, I f 
you can see daylight anywhere around the'cloor when it is 
shut, the door/is not tight enough for winter use. (Recycled 
doors can be insulated neatly with Styrofoam sheets. Cover 

'the/Styrofoanf edfees with wood strips', and glue tf^e Sheets to 
the door.) / • . - - 

If you are unable to buijd.an attached greenhouse aroupd 
a "direct access" door, or if you are bui Ming a freestanding 
greenhouse, a vestibule should be built. Vestibules help con- 
serve heat, prevent shock to the plants when the door is 
opened, and provide some storage space, A vestibule should 
be big enough to let you enter the oy-tw door and close it 

' before opening the inner door However, if you. don't plan to 
use the greenhouse during the ccrkl win tat moft^hs, or if you 

• are building in a mild-weather area, a vestibulVl's' probably 
not worth the expense, - '- ' \ 

. A wihtertime alternative to a vestibule is an old blanket, 
nailed up. inside the oi.ter door When you open the door on 
cold days,- ypu cati scooj behind the blanket without ]etting_ 
out too much heat Or letting in too much cold. , ' ." * 
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One of the most of ten-asked questions in greenhouse, 
design is; What is the best glazing to use? The fact is 
thatthere is no "Best" glazing; every greenhouse is different. 
Each is built in a different climate, for different reasons;, by 
different people, under different circumstances, and with dif- 
ferent amounts of /esources (time and money): Given that the,, 
-greenhouse, glazing choice must tie consistent with all other 
design decisions, the best glazing to use depends on the par- 
ticular application. ■ 

There are many factors jo. ..c.Qnside/,,.b,ef.ore,-making.yourT 
glazing decision, Obvi'otisly, low cost is a prime considera- 
' t ion — you need -to be.. very selective. Durability (lifespan), 
lij>ht transmission, and install.itionare three important con 
sideratipns as well. 

If you are-building the rest of your greenhouse to last a 
long time, you need to choose a durable glazing, or install 
less durable glazing in sue h a way that it is easy to replace, 
if vandalism is a problem in-your area, a main consideration 
should be the glazing's resistance to thrown rocks. 

Sunlight is the lifeblood of greenhouse productivity 'and 
the glazing surface is a key to capturing the sun's rays. Most 
glazing materials are^ comparable' in respect Jo light trans- 
mission, but they vary when it comes to heat transmission. 
Different glazings also require varying support systems- 
heavier glazing support systems, block more sunlight. Recog-. 
nizing the interdependence of glazings ah,d their support, sys- 
tem is a key to good design, ■ 2 " : 1 _;c. .... . 

Glazing iris'ta Nation is another consideration that should 
weigh heavily . in your decision, Obviously, some glazings are; 
easier to instalUthan others. Choosing a glazing and glazing 
support system within the range of your construction skills is 
as jmportaht as choosing ones within your budget: 

In cooler climates, where double glazing is recommended, 
you must make two glazing decisions: .inner and outer glaz- 
ings. Certain materials are well suited in combination with ' 
certain other materials'— and are more cost-effective as such.': 
You need to determine the right balance of the two layers. 
In this chapter, nine di ffere nt glazing options , a<e cJ is-- 



cussed — certainly not all the •possibilities, but a range from 
which a choice can be made for most situations. For each 
type of glazing we will outline cost, lifespan, light transmis-.. 
sion, installation considerations, support system details, and 
how to decide if. a given material is the right choice for 
your greenhouse. The inforrnation-should be treated as.an- 
outline to' help you make good decisions: You must supple- 
ment the material presented for each type of "glazing vyith 
"localized' 1 '' informat'ion: installation specif ications from the 
manufacturers; ordering, pricing and delivery information from 
distributors anil retailers — also note delays, practical tips 
and labor estimates from builders. ■ 
, If possible, go 'see. a greenhouse which uses the particular 
glazing you have in mind. See flow it looks; find out how it 
works; learn as muxh as you can about the construction details 
that were needed. Compare cost, estimates and product in- 
. formation carefully. Understand the time and labor involved 
with. each glazing installation, and if less durable glazings., 
are used, consider the time and money needed for repjace- 
ments'i'n the future. 

RECYCLED WINDOWS 

One of the most appropriate glazing options for a low-cost 
solar gfeenhouse is recycled, windows. Old wooden storm 
windows — unused a'pd stashed; away in a neighbor's garage—- 
may be available. Or, . perhaps the wood frame windows on a . 
nearby office building have been replaced recently. 1 here 
may be a similar opportunity in your area to acquire glass 
windows at a reasonable c os',.- In fact; the windows may be 
free for the* taking"m some situations. Check around and use 
- what is available, j , 

Recycledglass windows are best utilized on vertical, green- 
house walls. Wood frame windows should be used vertically 
only, because they are-not designed to shed water or snow 
when tilted,.'and as a result, tend. to rot pje maturely when 
installed on a slant (Figure 7.1 ). ' "~ . " ; 

When using^ recycled windows, you must be prepared -for 
some extra work/.Often, recycled windows must be r#puttied,'' 




' C^x^) ° - (sew) 
FIGURE 7,1 How and how not. tp utilize recycled windows 

'' '"., • \ * 

' scraped, primed,;,£jnd repainted before they are suitable i for 
greenhouse use. If you have the" time to manage these; tasks, 
though, recycled windows can last indefinitely, albeitUhe as- 
sociated problem's with breakage, , • 

. LIGHT TRANSMISSION: One layer .of glass transmits 85 to 
, .90 percent, of the sunlight that falls, on it, -However, bulky 
-wboci.wfrfSQw frames and the support .structure requircd\for 
— - glas-s^can reducejhe overall-light transmission quite-a bit, to 
approximately 50-80, percent of radiation striking the surface, 
. If possible, . choose, windows with larger gj ass panels and 
_ smaller wood framing. If pair's of wood windows are used as 
' double glazing, light transmission will be reduced. Butunless 
the .wood frames ar.e.unusually large or there are many small 
, panes of glass in the windows, hghi transmission sho.ulcl 
/ . be adeqifate: , ; ' . . - " ., ' 

,"' INSTALLATION:' kepxair-tHe putty and repaint the windows 
. •: before installation. .All" cracks -.must be,repaired'and all wood 
surfaces painted to achieve an airtight sea; and lasting finish. 




- purrr 



FIGURE 7.2 Hbr'izontalfoint bclween'two cou&ses of recycled 1 ' 
windows * 



a Examine the Windows carefully: The lower sash of double- 
hung vvindows and wiooden storm wmdow'S-have'a beveled 
bottom edge. Use these sashes as your botto.m, outside course 
of windows — complementing the. beveled sill 1 to shed water. 
If none of your windows have this beveled sash, vou should 
-bevel the bottomsJo match the bevel of the sill (about 15°), 
Use a plane,, a circular saw, or a table saw. (Watch out for 
j Trails!]. Be sure to p-aint the. wood exposed by the cut (primer 
" and two coats of enamel) before installation." If you are using 
. more than one. course of ..windows (one on top of another), 

:bey;e.l iand-paint the-fedges where the- two windows meet 

• (Figure 7,2); , No horizontal frarfiing .is . necessary between 
courses of windows with beveled edges, . 

The spacing between the framing members of. your knee- 
Wall should be M'.' wider than the width 'of your windows to. 
allowenough room to fit the windows easily ('/»" inch on each 




'FIGURE 7.3 Corner plan showing re.cycled windows and polyethylene' tnner glazing 
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'side): Be caref ul — DON'T leave a gap around the windows so 
large that it prohibits sealing the cracks with caulk, if the 
gaps do end up. larger than can be caulked — larger 'than.. : VS 
you will have, to use a "finish batten to cover the cracks'. (This 
batten isn't shown in the illustration.) It is a good idea to in- 

. sulate the cracks' with fiberglass or some other material-be- 
fore applying the batten, ■■ 

Window stops should be placed caref-ully scf tljat 'the ex- 
terior "surface of the window is flush wl'th th'e exterior surface 
of the framing. P.Inge ■the i stop.%on each side (Figure 7.3), and 

'screw the windows'in place. It is important to be. able to re- 
move the frames so gjass can be replaced if broken. 

One or more of the -windows with fairly sturdy frames- can 
be hinged like doors and used for vents. Reinforce these win- 
clows with diagonal wires twisted amuncl screws irl each cor- 
ner (Figure 7.4). Weatherstrip betwyeirthe stops and this vent 
window." Use one hook and eye b(ilt for a latch to>keep the 
windoyylclosed, and another to keep it-open. Polyethylene 
for double glazing can be applied directly to the back of the 
vent window/with small wood battens; (More on window vents 
in Chapter 8.) •' • , 

If- pairs' of recycled'" 
windows are cised as 

'.double glazing*, drill 
twm one-half inch [Vi ") 
h oj e s n e a f J h e bo! t o m 
and two mcire near the 
lop of each outer win- 
dow to veat the- . cav/ity . 
between the windows 
(Figure 7.5 B). Drill two 
holes, instead of four for 
windows smaller than 
3' X.3'. Drill the holes at 
,i'V angle to keep water 
out. Place. a very small 
piece of fiberglass, i nsu - 

FIGURE 7.4 Reinforced window vent 
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FIGURE 7.5A Recycled yvindow 
with polyethylene inner glazing. 



FIGURE 7.5B .Double 
recycled windows. 



lation ^.packed very loosely — in the hole; the fiberglass 
wilJ act as a' dust fjilter . Cover the holes with a .fine screen 
to keep insects out, and caulk between the two windows be- 
fore installing the outer one.. Venting helps eliminate conden- 
sation between the windows.. Drier outside air (instead of 
moist greenhouse air) circulates between the windows, The 
small decrease in the window's insulative value, created by 
this venting is more than offset: by the increased sunlight that 
penetrates a conc|ensation-free window, 

system to minimize conden- 
inner window from the inside 
ce with the -"outside air,, and 



In order for this ventilation 
sation, it is important to seal tin 
so that air exchange .takes pic 
not'with greenhouse air. 

Note in' Figure 7.5B that the 



faces the interior of the greenhouse, It is, on the interior sur- 



face where water will condense 



putty on the inside window 



ind, therefore, where a water- 



tight surface is necessary. Putt/ on the inside also makes it 

easier to "replace glass. The step and sill below this surface | more permanenfglazing. Also, because it is inexpensive and 



Polyethylene is an easily installed, inexpensive inner glazing 
tio use with-recvcled windows:. It can be installed as shown in 
Fjigure7.5A, or as, one large sheet battened .to the back side 
of the framing. More on polyethylene-later. 
I RECOMMENDATION: Recycled windows are best utilized' 
in vertical installations and in:area| where vandalism is not a-. 
problem. If recycled windows' in decent condition are avail- 
able at a reasonable cost, use them. But if you need to glaze 
J sloped surface, or it the style of windows available doesn't 
fjt-in aesthetically wjth the main house,' you should consider 

a: different option ' 

- / •# ■.■■>■<■ 

POLY IT NY LI: NT: (,l A/ INC. 

3 qJ-yethylene is the lowest-cost commercially available 
greenhouse glazing. Although it doesn't: last long, it can be 
used as a temporary glazing and is especially suitable if you 
anticipate having enough money in the future to install a 



should be beveled if they exten 
standing water and rotting 



Recycled windows,, although installed 
worked well for this greenhouse in' Ne 



d beyond the window to avoid 



)ii a slant, have 
Hampshire. 




doesn't- require heavy framing, polyethylene is a common 
g|azing choice among commercial greenhouse op'erators. 

Generally, the six-mil, ultravialet'resistant (UV-resistant) 
polyethylene is used .because 'it doesn't break down in the 
sunlight so quickly Non-UV-resistant (regular) polyethylene, 
op the other hand, is a good, inexpensive inner glazing, since 
the outer glazing intercepts much of the damaging ultra- 
violet light of solar radiation. 

Regular six-mil (one mil = 0.001" thick) polyethylene costs 
about three cents (i<I) per square toot UV-rpsista'n-t; srx-mil' 
p^lye.thvlene (such as h oz' Monsanto) costs abo.ut five cents 
(5?) per>square toot. Rolls of polyethylene come in -many sizes, 
bilrt Often not m'the size you need. Thus, any excess ■polyethy~= 
lehe you may have to buy, as well as battens and small gal : 
vjjnized nails, should be included irvyour cos^t estimate 

; LIFESPAN: UV-reststant polyethylene may last two years, 
although in windy locations it may [asf only one. In many 
cases, it is replaced annually to avoid the chance of a tear 
in 1 the middle of the second winter. Untreated (^regular) poly- 
ethylene may. last only six months, in severe circumstances. 



Either type 'will- probably last Iqnger as an 'interior glazing 
particularly behind glass or fiber-reinforced plastic-glazings, 
• LIGHT TRANSMISSION' New: polyethylene transmits about 
90 percent of the sunlight, bu.t (he pj|rcen"ta$e decreases ;is >• 
the plastic gets older and less transparent. Qoubje-layer poly- 
ethylene, inflated bet'ween the layers by a small, blower, can 
span'- larger' distances; thus, less light is b"lo||ed by glazing 
support framing, On, the pther h;ind, the tyne'of installation 
outlined below — polyethylene stretched and attached to the 
framing — uses more commonly;, available materials ancHencte 
itself to a more. permanent glazing replacement later on, than 
does the inflated method:- f or, more initiation on' inflated 
glazing construction, -review the conlmejcijl : greenhouse 
.catalogs referenced in the Resource'List: . * ;'' 

INSTALLATION: Ease of installation is one of polyethylerie's 
''strong points: You nVay. have .to do it yearly, but it isn't d if-" 
'ficult. Six-mtl polyethylene should be used. for the exterior,., 
fouWul caji .be used for, the interior, .Polyethylene must be 
najk;cLt,^^^iteming supports with'-contihuous battens to. keep 
" \\ ffbl^Fearing. -Flapping in the wind rips suiVweakened ■ 

polyethylene sa the lighter it is s'tretched, and the more often 
' it is'suppor-.re'dtajid batt^ried,lhe.lahg'er itwi-IMast.^ 

One-inch by^tWo-incn battens nailed with 6cl of 7d gal- 
vanized box hails every 8" t.o 10'Vsho.iiLd-be sufficient: Be 
Sure to prfme ancl; paint all wood surfaces. and battens be- 
. fore installation Any horizontal battens, should be cut some- 
> What short to leave end gaps for" water, to drain off (Figure 

7 hi , / . "'. ;; i^-/-;'- ■ . '.■ ■; • ■ i . 

If. you pl'a,n to install more permanent glazing later, remem- 
ber fci space the framing to accommodate the. future glazing. 

When 'polyethylene is used on the roof-,- -the roof slioiild 
Slope at leas^3G°, and- should be unobstructed at the eave to 
• : trHw£snow l tojT-Ude off easily (Figure 7.6). One way to. avoid 
obstructions completely is to use oife large sheet of pdlyethy- 
lene.whicli coders the roof and. the kfyeew'all; use tapered hori- 
zontal -battens at the top of' the kneWall; and use no baM- 
•terva t Hie lower edge of the roof, 

For double;' layers*of polyethylene, mounting both layers oil 
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7.6 Single layer of polyethylene gazing (inner glazing not shown) 
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the exterior of the framing is preferable.,(Figure 7.7C). This! 
method .will trap the least moisture around' the stria turai 
2X4"" framing, and will probably cause the least structural 
damage due to rot. \.. 

Enclosing the framing itself in polyethylene (one layer 
covering the exterior edge and the .other covering the in- 
terior edge) also is commonly done. if is probably the easiest 
installation (Figure 7.7B). This nkthod facilitates replacements 
since theTnner layerls less prone to damage when removing 
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FIGtfRE 7.7 Three methods of installing polyethylene glazing 



the outer layer, ' '- \ \ ■' '■ . 't 1 '"* 1 ^'^ *' 

A third method is ilk /st^a tec!, in Figure 7.7A. In this case 
the outer layer is fastened to the frame's exterior and the in- 
ner layer is nailed between the framing, 

RECOMMENDATION; Polyethylene is a "pas now and pay 
if.ter" option that spreads glazing costs over time, lor those 
vvith ltttle money to 'spend up front during initial construe- , 
'tion, it is a good choice!. Although it mijist be replaced yearly, 
polyethylene allows tor flexibility — vou can install n more 
p e r m a n e n t g I aT fug latt i as inoney.becomes available. ~ — 

• On the other hand, /polyethylene is-jragile. Do not install 
where it can be easily poked, scratched, or pierced. Also, 
in. high' wind areas, or .where vandalism may be: a. problem, 
consider a different option,, ' U '■>«"' 

. I llil R-Rl IM OHt I IM AS I It il RIM 

Fiber-reinforced plastic is a popular greenhouse iglaztog be- 
cause it offers a reasonable compromise between cost and life- 
span. Also known a^f iberglass, or by various trade names such 
as Kalwall, Filpn, Glasteel and Lascolite, among others, . FRP is 
an acrylic plastic resin reinforced with glass fibers. It is the 

-reinforcernent-.that gives 'this thin material 025" to .060" — 
its remarkable strength. It is one of the" most vandal-proof" 

\glazings discussed in this manual. 

\ FRP is available in flat ro.ll (48", 49Vi", and 60" widths), in 
Corrugated- sheets (26" and 59" widths by, various lengths)," 
and (from some manuf acturers)'m a step pattern (like the sur- 
face of clapboards). -There are several grades. The medium 
and, high grade FRPs have an ultraviolet inhibitor in the acrylic 
' resin to slow decay caused by the sun's ultraviolet rays. 
Additionally, the outer surface of high-grade FR.P has a thin 
coating of ledlar-a highly weather-resistant plastic film. 
Low quality FRPTs. not recommended' for greenhouse us'e'b.g- 
eause it decays, too quickly to be worth the investment in 
time and materials. ' ■ 

Factory-made, double-glazed FRP units are available, but,, 
are not discussed here because of their higti cost. However, 
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the labor and installation costs for these' units arc much less 
""than for two individual layers of FRP. Thus, if, yoii are not , 
• installing the glazing yourself and a he paying high labor- costs, 
you rn'ay want to consider these units. Check with the Kalwall 
Co. for.details (see Resource List). 

COSf:. As > : mode<ate-cost glazing, FRP ouier.glazing with 
.. polyethylene inner glazing — with a combined materials cost 
' {of abput SOT. per square foot — is ajcompion choice. Include 
'•.„... the following item'- ir. your total glazing cost estimates uas 
'"'""fe^hljffiirbr screws, rubber or wood corrugated strips (needed 
— -^or^hrreTtd-^^ 

hardware, and wood battens (which can be surprisingly e\ 
'pensive i,( you buy them cutlo width). The cost of these i n r i ; 
dentals"n->^y'-incr.c!;.ise the total glazing'cosl c,iiite a bit; , 

LIPESPAN: Different grades of FRP have different lifespans. 
Some medium grades are guaranteed (materials only; for live 
years; some top grades as long as 20 years 1 lie moist green- 
house environment and the intense sunlight on sjouthem ex- 
posnres tend to decreasejifefpan.' 

Sunlight, air, dust, and water together reae.t'with the resin 
in the FRI'ie deteriorate the glazing. As the non- Tedlar-coated 
I RP-generally the medium grades — ages, the acrylic resin 
—""between the glass fibers decays, leaving fibers exposed, this 
reactio'n is known as "blooming. "j 

Regular maintenance will increase the lifespan. Keep, the 
. outside of- the glazing free^qf diilst and soot — particularly in 
the, city, Old and dirty surfaces can be cleaned with steel 
wobl and painted with a restorative clear coating (available 
from FRP dealers) to extend the lifespan and restore some 
light transmission. Always check the guarantee caret Lilly be- 
' lore buying FRP.. • | •'■.■> 

LIGHTJF(ANSMISSI0N: ISingle-layer FRP transmits HS to l K) 
percent of incident sunlight when it is new. Transmission 
decreases as.lhe ilVaterial, ages, although there is little agree- 
ment as to how fast light transmission will, decay. Trans- 
/mission decreases iiifire-slowJy'with the higher quality material 
■ and if the outer surface .is Rep t cltis t- and dirt-free, •/ 

FRP diffuses part of the sunlight pa-sing through,, i:. distri- 



buting light in a greenhouse more evenly than very clear, 
transparent' glazing materials Some grower's toi'llhal (Tie dif- 
fused light prornotes'more uniform growth in the greenhouse. 
On the olher hand, since FRP is translucent rather than Pans 
parent, many people choose other nsaterials if the green- 1 
hou-se'eovers a window with a favorite view. _„ . *' . ' . 

INSTALLATION: Obtain installation cisirui funs Irom the 
FRP dealer when you order the material, and follow them. If 
some of the information presented below conflicts with the 
■manufacturer's instruction, be sure to follow those instructions 
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or the P :7a f>; ,'(•!• ma.y be vol 

-Store FRP in -a (fry- location, out of the si/nlig/if-- High tem- 
peratures or moisture -can build up inside -a' slack or roll of 
This .material and cause e loudnig ' 
II you arc- using the 1 edlaecoaled material., be sure you 
install the I Rl' with the coatinH on the outside. If the sheets or 
rolls aren'-t marked, ask your supplier which side is coaled. 
Generally, the inside of the roll is the exterior, coated surface, 
FRP can be cut with a carbide-lipped circular saw blade, 
or with tin snips The maximum span suggested by onemanu- 
faciurer for the ilnt FRP io either 1)25" or, '0-l()'' fhicl<ness 
is to inches.. .. 

* When fastening the FRP, neoprene washers should be used 
with either nails or screws Aluminum, nails with washers are 
available in various lengths -from FRP dealers. If battens are 
not used, space the Hails b" apart. Wfth flatJ>RP, battens 
are recommended for a neater, "longer-lasting installation. 
However, many greenhouses have been built without them. 
The nails or screws-should be no closer than 'A'\ to the .edge 

', oi '"the FRP; otherwise, the gla/ing may break at the? edgH, when 
cold weather -conTracTs the plasTic. ^ \ " \ 

Use silicone caulk and sealant in all 'joints of the I RP, both 
where the gla/ ing touches' the wood framing and where Ivyo 
■pieces— oHWP-lmirh each other. Silicone is Tec om mended 
because it is -compatible with the acrylic resin' and is elastic 
enough to withstand the FRP's-high expansion — about '/„" per 
ten feet of length with" a .1 00°F Temperature change. He sure 
the piece of FRP fits .the -framing well before applying the sili- 



. cone. pon't slide the'FRP around on 'the- silicone as you will 

get a messy, poor seal. : - ---- _ ' 

Remember: that all framing and battens should'-be primed 
and' painted with white enamel. before glazing. ' 

Installation of corrugated FRP'(Refer to Figures 7.8, 7.9, 
•'7.10). Corrugated FRP is perhaps the simplest type to. install 
Corrugated scaling strips' are used under the ends' of *he 
sheets, to seal air leaks: Flat neopre'ne foam tape of silicope 
:caull< may be'used under the sides, for sealing. \ '\ 

The vyoocl or solid-rubber corrugated end strips are better 
than thfc foam rubber .end-strip's, because foam, rubber decays 
too :quickly, Jf.you btiywooc en strips ("Wiggle board"), he. 



the strips match the corn 



accurately to accept the 26" 
7.9, thisi spacing allows adeqii 
sheets. Space the rafters so the 



gallons ol the FRP 



Rafters should be oh two-fopt centers and should be spaced 



greenhouse abeul'two inches (lo eliminate the need for 
"lashingpn the side): Also,. ovejrlap the bottom edge of the roof- 



Enough jto shed water over th 
vertical, wall, overlap at Least 



FRP sheets, "AT shown in Figure 
ite overlapping of adjacent FRP 
glazing overlaps the sides of the 



kneewall glazing;- If used on a 
' over the corrugated end strip 
atlbe bbttoiti - ' - — — 
.The corrugated, end strips must be caulked and nailed down 
the Warning before- installing the FRP. Dse small finish . 
na i Is.. AKha I f-rou nd ^o^dw^lay-oft-^opr-e f th e r afters. A i m, 
.support the overlap joints in the fiberglass. The gasketed nails 
should be long enough- to gp through the corrugated strips and 
the half-round, and bite in to .'the wood below (about 1''//' gas- 
ketednails will work). -Nails should be spaced every six inches. 
< [he first sheets are ins tailed at the. bottom, leeward cor- 
ner of the roof so the subsequent- sheets .will overlap to 
y shed wind-brown rain. Pre-i,frillmg nail holes, through the FR'P 
will avoid cracking. Nails* go in every third peak of the cor- 
rugations. No nails in-t-be ( valleys-; — this causes, leaks since 

water flows down the valleys. If thevvood strips tend to split, 
you will have to drill these, too. . /'■'- ,. 
. Either a. corrugated flashing (available from the FRP dealer) 
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FIGURE 7.8 Corrugated FRP glazing 





flCiURn 7.9 CorniM' chMail-corrii^altMi I KI' ^laziny 




or an inverted corrugated wood strip supporting a flat flashing 
cab be -used where the greenhouse ro'of joins the main house, 
or at the peak Of a freestanding greenhouse. If you use the 
' inverted corfugat^dAyooclen^sehlingstrip/drHI-mfH.-holesT-T-he 
nails should be galvanized and must reach down into the 
blocking below. Again, nail through every third peak of the 
FRE, Use short. roofing nails (every 6") and caulk to hold the 
flashing tq the corrugated strip. Pte-drill'Tor these nails, too, 
■ to avoid splashed thumbs and split strip's. Remember that the 
,alumintim flashing needs to slip under the siding on t he- 
house. Be suV,e to loosen the siding (if-any) before, glazing 
the greenhouse^ It/will bei difficult to get to the.sjding after- 
wards, - 

Use the same procedure outlined above svhen "installing 
■corrugated FRP on vertical walls (Refer to f colope's A Sow 
Greenhouse Guide for the Northwest lor a more detailed ev 
planation' of corrugated FRP Installation. Also, thanks to 
Ecotope for some of the tips included above). 



Corrugated I'RI'jnstalled on this pit-ty'pe greenhouse in Wis-, 
cons/n provides a durable glazing fo't winter snow loads. 



FIGURE 7.10 .Application Of rorruynlcd l : RP uln/inn 
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> FIGURE 7.11 Flat FRP(— singie glazing 




Installation of flat FRP (refer to Figures 7.11', 7.12, 7.13) 
I or flat FRP, framing should be on 24" centers if the g.laz- 
'ingis 49'/2".wide; or, on 23%" centers if it is' 48" wide. Use 
blocking in the middle if theframing members are six feet or 
longer. All joints in the f-RP* should occur over framing mem- 
bers or blocking, SO: your rafters must be spaced accurately 
.to fit the F.RP. ', » ; ' -3„ 

Cut the FRP. to length and try it but for size. If it fits 
.properly; apply silicone to the framing. Then/ with a -few 
people holding, the top and bottom in place, or with the cor-, 
ners tacked in.,place with temporary nails (driven half-way 
in), start nailing the FRP to the framing. Use small nails with 
heads — 4d galvanized box" nails — every 12-18" to hold the1 ; RP 
'on until you ger the ■'battens in place. Start nailing at the cop- 
ter of the sheets and work your way up and down the edges, 
alternating from side to .side to avoid- wrinkles. Pull out, the 
temporary nails at the corners accordingly, 

This procedure is not particglarlyleasy, If possible, install the 
; glazing during warm weather (for'maximum extension) when - 
there isilittle wind. Use silicone caulk or Maxi-Seal between 
overlapping pieces of FRP, (Maxi-Seal is an EPDM-rubberseal 
'which laces the flat F"RP edges together. For further informa- 
tion, see the Resource List). Silicone is not necessary under the 
batten. • - - ' 

- For double glazing with flat F'RP, nail the, inner batten down^ 
•with 7d galvanized box nails (Figure 7 11) He sure the nails 
won't be in the way'o'f the screws that- hold, the' outer batten 
down. . ' • , 

» To fasten the oiiter battens, mark: and drill holes (every 
12") through' the battens while they are on the, ground: These 
holes should- be large enough for the shank df the screw tp 
fit snugly. Put the batten in place and drill the rest of the hole 
through the FRP (and the inner batten and inner FRP if you are 
double glazing) and into the framing. These holes should be 
the size of the threaded screw shaft (see Figure 7.14). 

Usetnetal washers with neoprene washers underneath each 
screw or metal washer and adda dab of silicone before' the 
screw is in ail the way. A screwdriver bit in a variable speed 





. <; '.' ^ 


















87 





drill or in aAdrill-brace^makes the strewing easier. Use; #10 
round-head plated screws— 1 Vj" long for single glazing; 3" 
long for double glazing. I ' j 

Vertical battens parallel to the rafters or studs should Cover 
the entire length of the FRP; the. horizontal battens rriugt be 
' aligned with the cross blocking. Don'lt use a horizontal bat- 
ten, at the midpcoint or bo!!om of the', outer glazing — it will 
catch rain and snow. Instead, use galsketed nails every six 
inches, ' ■ > "™ I ■ . .. I 

Curved installation of flat FRP,. Compared to a flat instal- 
lation, there are several advri ntages to installing FRP with 
the surface curved inward between lihl> : raf'tersj The curbed 
installation is better looking and the'/FRP doesn't wrinklesor 
have a wayysurface. The curved ins^l.wtion is stronger tl^in • 
the flat: installatidn, so it requires Or. supports. Rain ^r' 
melting snow on the outside'is chan'nelep into the center of 
the plastic, away, from framing members\and joints, thereby 
decreasing the chances of water leakage, 

On the other hand, this installation. requires a.great deal of\- 
finish carpentry work, particularly/in sealing the top and hot. > 
j torn pieces of FRP, Curved blocking must be constructed to 
i accommodate the bottom side or" the FR'P\at the bottom of. 
: the glazing run. Due to the .amount of work i-nvolved," this 
iglazing method is justified only csn glazing, runs of 12 feet or 
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FIGURE 7.12 Flat FRJP — single glazing detail 




FIGURE 7,13 l l.it FRK-doubli; g|,umg cJ(rl.ii;l 





FIGURE 7.14 Sketch of screw 



more. Aluminum extrusions have just been developed to. make 
tfiTs glazing'process simpler. The extrusions., available from 
Norman B. Sauhclers (see. Resource List), are used on tVvo-foot 
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FIGURE 7:15 .Double gjazing section, details 



spacing'. Without these extrusions, though, this' installation. , 
presents' many construction difficulties and is not detailed it%Jj| 
this manual. '' ■ * 

RECOMMENDATION: If |you anticipate a favorite view 

through the greenhouse glazing and want the glazing to last a 

long, long -time, don't use. f^RP, But for a medium cost, 
mediunvlifespah glazing, orYe'tliat is fairly easy to install and 
prptects*you agajpst vnndalism,Silier-reinforced. plastic is an 
"excellent option. ' ' ; 

' - ' • ; ' 'V V - . ' ."".'A " ' ' ' ? ; .. 

LAC-TORY-SEALED TEMPERED DOUBLE GLASS 

(Refer tojllgures 7 15, 7.1 6/ 7.17, 7,1 8 ) Factory-sealed 

• double glass is used mbst often in cases where the owners 
prefer to maintain views 1 out windows. whic-h_niay be coveted 
in' .in attached greenh§u};e. ,Qf ten, referred to ajs Therm'b- 
paife — one of many brand names — sealed glass un|ts also are 
used if resale value* or aesthetics are strong considerations for 
greenhouse owners. \ i t ' . 

Top quality u 5 nits are rather expensive-, although standard 
sizes of sliding glass doors.— galled "patio cloo/ Ijtes" — can 
cost much less. Also, a g\as\ dealer may sometime.? order the * 
wrong si.z-e units or aceepi returned unks. from Customers 
. for bt.her reasons, Hente, he\may sell the glass's* alow price. 
If you do find sq-me of thes\e;Tower.-cast units, b& sure that 
the glass is not tinted. Standard sizes for patio do^rjUesjaie- 
34" X 76" and 46"„x^'^_aii^_these .sifes-^eTcdn's.idorecl in 
this •>(>( !u>n \ " . 
. .;. COST: Sealed-glaks -writ eos,ts; vary according to the guaran- 
tee on the seal. ( l.ower cost, double-glazed unites are often 
guaranteed for or\e to five years agains't condensation form-" 
ing between the layers. Some higher price units W^uaranteed 
'for 10 to 20 years. We s\:il disc uss orvv the lower price units. 
Always remember to check before buying to make sure-the 

* guarantee is vali'd for units installed in a greenhouse or for 
units installed on ap angle. Incidentally, for safety reasons, 

. any overhead, double glass, units should be made of tem- 
pered glass. ' . , « \ \ 
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. Costs can vary from $2.50 to $5.00 per square foot of glass 
not including installation hardware. Costs are lower for re- 
je.ctsand standard sizes, and are .lower from distributorsihan 
from retailers. If your order is large enough," try to get a dist'ri? 
butor to handle it, As for associated costs, aluminum batten 
may run 5.0 <f per running foot and glazier's tape, 6<t per run- 
ning foot. Check local prices. 

'■ LIFESPAN: The glass itself will l,ast indefinitely if not broken. 
But the seal may break, allowing condensation between the 
panes, TheTTondjywntion, if there is a lot of it, wi[l run down 
the glass suc&rtfes, leaving streaks 'which -vy il I 'decrease trans- 
mission of light somewhat. Streaking,' though, is "more of an 
aesthetic nuisance than a functional disadvantage, 
' ; - LIGHT TRANSMISSION: About 70 .to 75 percent light. trans- 
mission can be achieved through double-tempered patio door 
lites. Large glass" sheets will minimize the rfumber of fram- 
ing members; thereby allowing good Overall 'light transmission. 

INSTALLATION: I here are many ways to install glass. If 
the, glass is in wood frames already, follow the same pro- 
cedures outlined for recycled windows. For mounting untrained 
glass, the following details- have been used in several green- 
houses. (They, are ta-ken primarily from a talk given by leremy 

Coleman .at the 1979' Solar Greenhouse Conference in 

Plymouth, Mass,) " J 

One general .consideration when framing glass units is 
spacing; leave at least 1 /,, 7 ' space all around between the glass 

-rvnf h-lurw o odrf mTr^ 

lor •■Inning or;s-ellJing of the building. Also, be sure that the 
sealant used at' the factory to seal the units is compatible 
with, whateverjcaulk you use in contact with-it: (Check with 
a !oi. ,:, glass dealer i " ""'"'" 

The grsovesior "rabbets"'in the"traming members are done 
on- a table. saw or with a router before the framing- is put in 
■place; The-,1" depth of the groove is for sealed units made., 
with .'/,,;'' glass and 7,," air space. Adjust the depth of thisVabbet 

for other glass. sizes: the depth should be the thickness .of the 

glass plus '/„" for. every layer of glazier's tape. Also, the depth 
must be adjusted if a Kalwall aluminum batten is used since 





FIGURE 7,16 Section through glaziny and rafter (or stud) 





FIGURE 7.17 Section through two types of horizontal joints 
(between t \s o seal e d"£j I a s s units) 




FIGURE 7. laj Corfier detail 
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this batten has legs (sec; Figure 7,1 7 ). Use 1 minimum 2x6" 
rafters for 76" glass lengths Consult a structural engineering 
. table for/ larger spans/When the. framing is built, take care / 
that the, rafters, top and bottom rafter plates, and any other / 
surfaces on which the glass will bear are ah in the same plane: ; 
If :he framing surfaces are warped, the glass or the factory 
'seal may break whentightening dovvnJ:he battens. Again, prime 

and paint all wopd surfaces before glazing. , . , ! 

Use three tieoprer.e setting blocks under each glass unit, at ~ 
:. Hie bottom The blocks-available from glass dealers or in- 
st.dfefs, musl support the edges o'f both sheets of glass in the 
unit, Use butyl glazier's lapc between thi glass and the (ram- 
Ing for bedding, and between the glass and iheliaflen for 
sealing, Pre-shimmed glazier';!, tape is recommended'tor use 
, under the glass. This tape contains a small cord of neoprejie 
which prevents the weight of the" glass from compressing 
_ the tape too -much. (Note that a 46" x 76" double paiio door 
• lite weighs over 1 50 lbs,) The lane comes on a roll and is 
available from glass dealers, or installers." I 1 is quite sticky 
'■< and will squeeze out between the glass and the wood, and 
\ also between the glass and the battens when the screws are, 
tightened. For a good visual check on screw tightness, tight-en 
, the screws until the butyl just begins to squeeze out. The 
batten muSt-no.t,contact the rafter. ' : ' ■„ 

VFhe aluminum ba"tteos _ soldjby Kalvvall (check Resource 

, j List) are recommended because the slitfeners (the two tabs on • 

i. tbe bottonvof. the batten in the illustrations) prevent the bat 
' ten from bosoming wavy and ejnsure that it is bearing down 

Tightly between the screws. Simple 1"X '/„" aluminum ; bar. 

<v. stock may be used i.iyplacc ot this extrusion but, in (bat case, 
screws are required, every six inches instead of every 12 inches. 

- _H'_X 2" wood battens also have been used, but warping-and 

l(Kikage T:an be; a probfenj/lf you do use wood, use a rot 
I resistant wood and/or prime ami paint quite t areiulK . Do not 
use a batten on the bottom of the glass as '.bis u ill ; a.trlv 
rajh and snow— the side battens will hold the glass in place . 
', securely. , '" ■, 

Use of common,, hardware st6re plated screws is not recom- 



mended with aluminum, I he galvanic? action between (he 
aluminum and the' plating will cause corrosion and eventual 
destruction of the connection. StaiTiless steel screws, on' the 
other hand, will not reaci t with the aluminum. Although these 

■screws are expensive, not many are required. It has been sug- 
gested that a small amount of silicone caulking between 

"plated screws and the aluminum battens would be sufficient 

. to keep the two from touchinglahdfhence from galvanically 
acttng:On one another), .but this, is .risky at best. Predrill the 
battens to the shank size. of the screw; then, with the batten 
in place, drill the holes into the framing To the screw sh^ft 
size. (See Figure,/. 14 for explanation of "shaft" and '-shanfy' 

....5iz.es.) ' ' ! 

If le'.uo! c hps arc; used as 'fasteners, seal under |he oritur 
edge of the glass with silicone, and use settingjjloc ks on the 
surface of the clip itself to cushion the glass. : ~~~~~ 
Undcjr the bottom edge of vertical glazing, i.t/is important 
to use setting blocks and to canlkdhe tnside. Tfuis, condensa- 
tion will be channeled away from tbe groove irr the' wood. 
Again, the verticaj battens (on the studs) will be sufficient 
to hold the bottom 'edjge in place. < The. aluminum flashing 
should come up just slightly behind the glass so it is securely 
in place, i 

Horizontal joints between two glazing units (Figure 7.17) 
will occur only on long runs. of glass. The silicone sealant 
method ,s adequate, although no: quite as safe as the' flashed 
unit (7.17). Put a srnall '/»" spacer (such as a nail) between 
the units near each edge and use enough Silicone caulk so 

'<• that the ■silicone sticks out above the glazing. As soon as the 
silk one is dry, trim it with a sharp razor blade so it is flush with 
tin' exterior surface. " ' '' 

The flashing method requires some patience. with bending 
the aluminum flashing, (A sheet-metal s!)o;> could form these 
parts for you ) The flashing should fit s uigTy oVecjhe bottom 

— oilhe upper glazing unit.'- • , ;, ■■' "7" 

R ECOMMEN D AT I O N : If appea-an res.de value and 
v i ews t h r o u g h t h e g r e e nhou>e windows are i m p o r.t a n t to you, 
use factory-sealed tempered glass BClFrbvaflilaUsm is a prqb- 



lem in your area,' and you are trying 'to keep material costs 
to a minimum, 'consider a different glazing option. . 

SING It: LAYER OF GLASS 

. In. v'ejfy warm; climates, where freezing "weather -is infre- 
quent, one layer of glass is sufficient f-or a solar, greehfiouse. 
Or, .in cooler. climates, a single layer of glass in combination 
with an inexpensive, polyethylene glazing may be used;.; , . 

COST: Single-layer, tempered patio door lites should be 
available.from -a glass distributor for as little as $1, '20 , per 
square foot. Double-strength windotv glass (.sihgle.Jay'er) can 
cost, quite a bit less, particularly in case. lots, Installation hard- 
ware costs are the same as for double glass units'! J V. 

LIFESPAN: Class lasts .'indefinitely, unless it is broken. How- 
ever, untempered glass should be used, only on a vertical- or 
near-vertical wall. Commercial growers with large glass green- • 
houses who use tempered glass report up to ten percent break- 
age per year.' Untempered glass' is not recommended for 
shallow-sloping attached greenhouses. ■■V; 

LIGHT TRANSM1SSON: Light transmission through:rthe 
glass itself is,, 87 percent. The more framing* you use,' the 
less is the overall transmission. 

. INSTALLATION: All o; the details presented fpr double-" 
factory-sealed glass units, apply to single layer installations — 
simply decrease .the depth of the rabbet. For V^" tempered glass, 
use a rabbet depth of '/„". The depth shots Id -lie such that t'he< 
batten will compress the glazier^ tape above and below the 
e^SS. * . ; , ; ." ^ ." ._..,/ /' : 

In Solar Greenhouse Guide for thc-Northwest ai'revc ellent 
single-glass installation is, a defailecl (Figure- 7.19) instead of 
.rabbeting grooves in the. stud, Ecotope recommends u^ing a 
■s.q.uare neoprene spacer in the center of the studs, glazier's 
tape under the glass on each side of the neoprene, and/a wood 
batten on top to compress the neoprene and the tapfe.. At the 
bottom plate, VS." wooden dowels support each/ piece of 
glass, and silicone is used in place of the tape. Drawings from 
-Ecotope's book — which is highly recommended./particularly 




^UVZ-IUC-j de-tail. 



<Robertson screws 





FIGURE 7.19 Installation detail — single layer glazing 



for Warmer climates —fy;e reproduced herewith their permis- 
sion. More complete details can be foi'ind iiftpe book! 



DOUBll G.l A/I D, PLASTIC -C Q\ PR I D, RI MCA A 151 I. PAnI-I S 

" Double-glazed, plastic-covered, removal panels can be used' 
to convert a south-facing'porch into a greenhouse or sunspace, 
or as removable glazing on greenhouses in warmer climates. 
■ Many older, houses had window- frame,s that fit between 
the porch roof and floor. Dependirg on its location, the 



porch y^as used as°a vestibule or~su'nroom in the winter, and 
the windows were removed for. the summer. -If you ha.ve a 
p^rch that fa.ee's anywhere from southeast to southwest, you 
m'ay be able to conyer-t it to a seasonal greenhouse or sun- 
space by using removable panels. 

' Since the glazing y/\)\°h§ vertical, little'stin will penetrate 
the space in the summer. Thus, the space wifl be useful as a 
greenhouse only, in the spring and fall, unless you ins.ulate 
the roof and floor, and inst&ll heat storage for winter use as 
we'll. Nonetheless, the space can be quite useful for extending 
your food production season. Seedlings can be started in the 
;5pVi'n"gJand potted yegetable.plants^cafn be brought in from 
tW garden in the fill to avoid the frost. What's more, an cm- 
'insulated,.glazed4n porch can be a, remarkably warm sun- 
space ; on a cold, clear winter day,- Removable glazing panels 
also are useful for renters, 'who would like a greenhouse but 
do riot want to spend a Jot of-money.on someone else's- property. 
Removable glazing panels made out of .plastic and wood 
have 'been used with some success on greenhouses in the 
mild southeastern United States, Operators are able to start 
vegetables quite early* in the "spring inside the closed-in 
greenhouse, and then the greenhouse is opened up to the 
outdoors when the danger, of frost is gone. For more, infor- 
mation,, check the Federa-tion' of Southern .Co-ops green,-, 
house plans, referenced in the'Resource List, 
i ■ COST: hour-mil polyethylene costs about 2f per square foot 
Four-mil -vinyl can cost from 6<T to 251 per square foot, de- 
pending on where and how much you buy, ("Vinyl'.' is shefrt 
lor "polyvinyl chloride" or'TVC") Six-mil thickness for either 
plastic is usually IV? times..' he cost ol- four-mil, ,1 o get the 
best" use Irani the -material, plan your framing size to accoin- 
; modate the width "ol plastic that is available. Tigiire your 
costs on what you buy., not on what you use, Generally, viny 
is available from plastics, distributor 
■ lo, p' ''''•'^'".liyttj'-i 




A Now Hampshire family uses double-glared, factory-seated,) 

patio door lites to' maintain their'view to the soujh labbvel In. 
Oregon Ibelow), a single laver ol glass provides anMtractive i 
glasmg lor a irontyard greenhouse. Notice hd\\ matching siding 
is used to integrate each greenhouse with the existmg structure:- 




of various sizes, paint, and a roll of tape for patching and 
reinforcements, 1 \ 
, LIFESPAN: The wood frames-will last quite a long time if 
they are kept painte'd. Polyethylene may last only one year.. 
Viny 1 ^ which costs more, will last irp* to three or four y^ars, 
depending oh whether i; contains UV inhibitor's, a.nd on the 
amount of exposure .to wmd,) sun, pupctures, city pollution, 
etc. Four-mil (.004'' thick) v/nyl is adequate Unless it will get 
bumpeid frequently,- in ^hiclfecase six-rriil is preferable. In/ 
;mpst Joca'tions^^ojypes/o.f- Mo\\ should be available — you' 
-should buy the 'more flexible type for building glazing panels. 
■ "For. longer-life glazing panels, FftPglazing can be used in i 
place of the, plastic films, jn tliat case, xise a 2X2." frame in- f 
•stead of the 1 X 3".«sugges.ted below and follow TheJ.nstalla- 
tio'n-instVuctions previously outlined for flat FRP, • ,.• 

LIGHT TRANSMISSION : Two' layers' of plastic transmit 70; 
■to 75 pe'rtentof :the«[ight striking, them. Fairly large frames can] 
be made wfthUiiti wood, allowing/good overall light. trans- 1 - 
. mission. A,lsb,..y r Tnv?l- is qlpar enough, to permit a reasonably 
good view through-it. 

INSTALLAT.'P^': There.are.'fOur basic steps: 1) build stops . 
and supports 'onto the porch floor or railing.' as needed; 2) 
construct wood frames; .!) fasten plastic film onto the wood , 
frames; '..and 4) install, the panelsonto thepoTch., 

•Install slops (and posts if hece.ssary) before, building the 
panels, this way, 4 he panels' can be-built to fit the available 
. spaces. Nail small stops, onto the floor or railing of the.porch,;., 
;up the posts^and across/the" celling;''! X 2s make fine stops,;'' 
"although an even smaller 'piece t of,vv6o'd; such as W quarter-' 
rounds,, would work. Stops should be naj ; led as close to. the; 
outside edge of the' pprch railing or, porch flpor as. possible to 
minin^e the area where water, can accumulate'.' If the r"e ; ' 
maining "lip"' catches fa'ih, you.shouid bevel it to shed Vi-ater" 
with a ; rasp vor,a' plane; then sand and repaint it. Be sure to 
instafl the; flpor stops so rain cah drain off" the porch' when" 
the panels are hot 'in place; f<\* ' .... ; •:• ' : . ' 

You may have to add posts between the' existing porch 
posts. Straight and dry 2X4s are fine for tiiis task. Prime and ' 



•paint the posts and stops to match the porch, as these pieces' 
will be in place permanently, ; As always, use galvanized 
■nails. .- ■ : .. : -'-V '*.■'" - " :'■'.•"■'■:'■ •*»'.;'•■ ''..y" : \? : : 

Measure the spaces for each panel caretulK -'-old houses 
are rarely square — and make the panels 1 „" /ess- in height and' 
width than the meisjjred openings so they vvi.l.l f it easily- ■; . 

Three suggested methods" for building the frames' are; shpwn i , : 
in Figure 7.20. I he doweied and the lapped joints are stronger, . 
' but. the stee/ reinforced joint also' .is:»acceptabiejjp.'fhp.. panels 
are handled/carefully,' The steel reinforced; joint hi ay be> easier 
to build fo/people with fes|;ea'rp , enf > ry skill's'.-;' ' '<■■'•■■. ' - : ' v : 'I 
For small panels — less ;than.3';X 3''.- - t '' the framfes'can ibe- 1 




FIGURE 7i20 Three Corner derails for glazing panels 
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FIGURE 7.21 D'o.uble-glazed, pla.sti'c- : coyered, removable panels 



made with 1 X2s, and for larger panels, Hi X3s. If- tho panels are 
larger than five feet in either height or width., a center cross- 
' member is advisable for strength. Panels larger than about 6' X 
h' should be framed with 2X2s instead of 1 X3s, ' j ' 1 -v." 
■ Tjie wood edges should be smooth and unabraSive against 
the vinyl Sand the edge-- if necessary. I'aintmgUhe irames 
vviirmakeitiem last. longer and will give the whole job a neater . 
appearance: White is {the best cplpr for'r'ef lectirig light: into- 
the greenhouse', and lceeping-heat off the plastic jaS mtic.h.as 
possible. The\plastic/wTl| last longer if it is kept cobl. 

To stretch'lbe vinyl or polyethylene of the frames, see Figure. 
• 7,21 With.a little care and effort, it's easy to get nicely stretched 
plastic-,- 'If you ^irVdoing this during very hot weather, don't: 
pull t be plastic as tight as possible. T he plastic will contract ' 
in "cold weather, and may .split if 'it is too tight, At around 
" ' •" >. "■ '; . ' W>70°F, though, feel free to;' 

Stretch it: tight The vinyl will 
sag a bit as:- it expands in very 
h.Qt weather — this will be a, 
problem only if it ge„ts win- 
dy.; . The panels should be 
removed i n • hot weather, 
anyway. 

Use four hooks and eyes 
' oh each panel (one near each' 
cor ner) to hold it in place- 
more may be. necessary on : ■ 
larger panels to hold them 1 ' 
securely"? The eyes''go-in the 
stops., the porch posts and,, 
■the|f/im'ing;./th e hooks arej 
fastened- to, trie panels. I hese ; 
hooks dbu6le.,as handles td 
pur| the panels- ' n tightly, 
and. the eyes aren^t obtrusive 
on the .porch when the pan- 
els aren't there. Before dril- 
ling holes for the hooks; 




FIGURE 7.22 Ske.tch of doOr panel with 
framing brace . 



■ ,■ :v , ta . v. ' . • ■• 

., . ' ' .. v ... 1 

^ . " <:. .•• ■' ' \ ■ .. 

piaG^.^'' piece 6f tape on ^e;vihyl/or polyethylene so that 

jijiij^i:^ : r ....J,-..: : ;. 

' A^Targe hiriged'panel can be used-as a door. Omi't the bpt- " 
torn stop, and use a framing, brace as illustrated in Figure . 
7.22. Also, you should hirig'e bt least one. panel for' -a vent if 
yog plan to use the sunspace-fpr growing.,; ' . ... 

•'• RECOMMENDATION: Plastic-covered removable frame*, , 
are. used to convert southerly-facing porches into greenh'ouses 
or .sunspaces, or for removable glazing-for warm-climate green-* 
houses They are especially suitable for renters. Don't Use 1 
plastic-covered, removable frames on slopes less than 60° 
unless precaution is takerragainst watefjeaks. 

' "PO U BLEW A I L L X I R U DE D G I A 7 1 N C 

■ (Figures 7,23, 7.24/) These double-glazing materials are , 
made froni either "'polycarbonate or aprylic resins I he 
clear plastics are extruded to form long, narrow air channels 
between t.w.Q St.'parate sheets; I'ojycarbonattv plastic is quite 
tough', even i|biighei; than FRP, and some formulations are 
very fire-reiarda.nl. f ar these reasons, polycarbonatcgla/ings , 
are sometimes used flfrurban yreenhoust'S.. Only one particular 
brand of the a-cryl^: material, Txohte, is discussed here; but 
the prot i'(i;ire.'ft.ue similar for other manufacturers' materials 
(see Resource List). ' ' 

. Exolite is an" ultraviolet-resistant acrylic resin that is extruded 
info a cellular double "glazing (Figure. 7 24) I he 'material -it- 
■ self, is ra I her expensi w, but only a small amount of labor is 
required .to install it vvhen.tlie factory-made mullion-extrusions 
■are used: Thus, if your labor costs are high, you might c on- 
sider rising this material. A'notherjede'eming feature of Exolite 
is its architectural attractiveness., , • " : 

. E'xolite and otlT&r materials like it are relatively new in the 
U.S., , although they "have been * use'd, in.,/Eurbpean • 
greenhouses since 1970. .'Exolite is available in 47Vy'X8', 1 2', 
1 6'' and '20' sheets from CYRO Industries' (check Resource 
List). ',"'■'' 
COST: The cost is about $2. It.) to $2.50 per square foot, 
pigs, s'hi piling and the aluminum/PVC mounting extrusion 



an^_stainless : steel screws.. ' < .• ' - ^? , 

^--LTppspAN;;^^ J 
LIGHT TRANSMISSION: Exolite-dif.f.use-s the -light that comes 
■.through-it somewhat, especially early and fate sunlight, The 
manufacturer claims 83 percent light transmission 'through 
this doubleiayered^material'This estimate, though is prob- '• 
ably for brand new ma terra I with light shining directly per- 
pendicular to it. Since the sheets are .wide and strong,' fram- 
ing can be widely/spaced, allowing good overall light trans- 
mission. Th6 polycarbonate, version of Exolite sheet, recom- 
mended when superior inipact resista.ncejs required, tends 
' to lose about 1. percent light transmission per year. . . 

INSTALLATION: With the aluminum/PVC extrusion,,instat~ 
lation is relatively si'mjale.' FHowever, because acrylic plastic 
expands and contracts considerably... with temperature 
changes, a good deal of care must be taken during installa- 
tion to cut the plastic sheets to the proper length, The method 
described below uses the aluminum extrusion on top^of wood- 
rafter framing. The manufacturer suggests several 'other 
methods, one of which'uses purlins as the only support 'for 
the extrusion. (See CYRO's literature for details ) • '.; 

The extrusions are not predrilled. Thus', counter-sunk holes 
need, to be drilled through the aluminum extrusion, one 
per foot, alternating sides, to mount them on studs or' rafters. 

One-inch countersunk stainless steel wftod screws are'firie 

.for use with wood framing. The.extrv's'iorvis 'strewed down - ' to 
the. framing underneath. The framing" must- be built on four 
■ foot centers to accommodate the 47 Vi " wjdth of the plastic. 

To eliminate any exact-length" sizing-/ CYRO recommentls, 
to install Exolite shee't with 'floatin'g. fop ends, covered by a', 
aluminum flashing as shown in 7.23.. (Sge also. manufacturers 
instructions).. : • ' - . 

Also, for' sloped applications,; : using? the shown, PVC-AL 
glazing system, no gla-zing bars are recommended to be'in- 
s|a"lled i horizontally at the eaves. ' The lower ends pf Exolite 
sheet are closed with the, supplied' ATS (aluminum; terminal 
section) ancl. RVC-AL mullions-are installed in slope direction. 
'H- ' ' i / ■-';.'■ " : ' 
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FIGURE 7.23' txolile'ylaring usiiiH PVC aluminum glazing system'mduiHi'd directly on wood rafters and studs 



4' -00" center to, center. To„keep th.e -glazing material; from 

sliding down/' aluminum fastening.angleS are screwed into 

the lower ends of each mull ion and a retaining clip is located. 

iit the lower panel end in the ..middle of each sheet toj.ee u re 

'Exolite from lifting. - / •' - ''' 

For vertical applications tha ^VC-AL g.lazmg sysjem can be 

used to frame Exolite sheets po4 sides, up to panel length of 

8/eet with a top~clearance of ?55 inches;. 
-With the protective covering-still in g'la.ce on the sheet, cut 

the Exolite with a 12 : too.th-per-inch plywood blade or a 6-tootlv 

p'er-Tnch aluminum cutting blade in a hand-held circular saw, 
. Use a straightedge to guide the saw. Wear goggles arfel ear, 

protection because little chips of hot plastic can be thrtr&'n a t 
' you and the cutting makes quite a b i t -of noise. Vacuum or 

blow the sawdust out of the arr channels and ins'tall the end 

caps provided with the material. 
' Center the Exoli.te- in' the piit:iiing-usrn"Kiten-ipofary shims 

between the l:xolite>i'nd the center part of the extrusions' .it 



the lower end of the glazing. Peel off the protective paper 
.coating. Carefully hammer the PVC extrusions on the vertical r 
extrusions using a large rubber mallet, or a \vood block and .a 
metal hammer. This mi:st be dorrv? when outside temperatures 
are above freezing because the PVC.wjJI 'qracJs.wKen hammexed 
in" the cold. Then remove'the shims. Silicone caulklRe joints 
in the, PRy extrusion. It is not recommended to. caulk the 
.edges of the PVC where it touches the E-xolite. The exposed 
ends of the horizontal extrusions can be capped ."with small 
scraps of flashing and caufk. 

Tojsupplement these instructions, get any available liter- 
ature from the manufacturer. • * 



RECOMMENDATION: If labor is expensive, appearance is 
important, and/or vandalism is a problem, use these long- 
lasting acrylic or polycarbonate plastics. But if you are trying 
to keep materials costs down and prefer to see through, the 
greenhouse g-l-azing, consider a different option. 




-Ar 



FIGURE 7.24 Corner detail — Exolite glazing using PVC alurpinum glazing system mounted directly on studs 



Glazing 


Cost/ft.'* 


Lifespan 


Light transmission 

percent 


\ ; .- ■ '. ' 

f .1 " : - ." j - 1 

Comments ' 


Single 
layer 


Ddubie 

1 A VAT 
■ ay Bl 


- .* ■ ■■ ' r 

Recycled vJhtdows 


$.25 - $2.00 ' 

- .' / 

; ...i... ■ t 


■Wiefjnite (if not 
i^proken) 


* * 

50-80; 


25-64 ~- 


Look tor windows in decent condition — 
re'cyclinglrepair elforts can bec(Jme excessive; 
should be used in vertical installations, "not 'on 
sloped surfaces;., breakage (vandalism) can be , 
. a problem , ' . 


Polyethylene 


.03 — .10 


one — two years - 


80-90 


'j 

60-80 


The lowest cost but least durable option; must 
be replaced periodically, but allows 

r%.r\ mn r H 1 it a HI d ronlsrn m ont' ic oaci-tt/ tr^rn 
Ut 1 □ iiiui c uuiauic 1 cpiauci \ icni, li caafiy luiii 

or poked, can't see through - no viewing; , , 
gpodjnner glazing option- 


Fiber-reinforced 
plastic (FRP) 


70 - 90 


(iye - 20 years 
(depending on "' > 
quality, care and 
environment) - 


85-90 V_ 


^72-81 


Medium cost, medium lifespan; very stuidy~=r. ■ — - - ~r~ 

otters good protection, against vandalism; no 
viewing;.wil|.eventually need replacement. 


Factory-sealed, 
tempered double- . 
glass units 


2,50 - 6,00 


Indefinite; seal lasts 
two - twenty years 


85-90 


~75 

72,81 
72-81 


Most expensive option, but thrifty bargains can ' . ' 

be found; breakage can be a drawback; ■ i 
attractive appearance otters good resale value; 
good viewing ■ , 


Single layer, 
temperea glass , 


1:00 - 2.00 


(ridelinile 


Good single glazing pptko'n in.warm climates 


Untempered glass 


,60-'i.oo; 


^Indefinite 


B5.-90 ; 


Should be used on verticol-or near vertical, 
walls only; breakage is a drawback, good . 
viesvmg' ... ^ \ ' ' lJ 


Double-glazed, 
plastic-covered, 
removable panels. 


1 * : • 
,25 - 1*50 


Depends on plastic . 
used: see above' Idr 
poly.. FRP: vinyl - 
one to lour years - 




60-80 1 


Good temporary, retrolil oplion loi renters 'in a 
warm climate, i.e., enclosing a porch to extend 
growing season; not lor year-round use. . | 


Double-wall 
extruded acrylic 
(Exollte) 


2.10 - 2.50 '\ 


20 years minimum 




83 .(new) 


Attractive and sturdy but tairly expensive; easy ... . 
to install; no-viewing 1 


Recycled glass 
greenhouse 


.25" - 2:00 .. 


Indefinite , 


...60-70 


■ 

* * 

36-49 


Be prepared to'spend time andjaboarjo 

recycle mateTTals "properly; breakage is a 
drawback * 



• Glaiing materials only - no hardwar'ecosls included; esiimatos based on Spring,. 1979 prices. 



. -. . T " ''-Pofcentage includes compensaiion lor framing maionats; all oihef transmission percenlages ^ 

are toi glazing maloiials only,; . '• 

TABLE 7,1 Summary of ylazjny options.. J ' : ----- ' — ■ 



In in.mv parls of the Unitecl' States there are the re 
mains of old commercial glass ..greejjifcpu'Ses' which can . 
ot ten -he • had \for the dismantling The single-glazed, 
energy : ineffieiei-it structures were .a.bandoned when fuel" 
costs forced operators out of business,. Now owners are . 
anxious to he rid ot the potentially 'hazardous re- . 
mains. 1 . 

The reason the greenhouses are still standing and still 
worth salvaging is that they were hush to last The detailing, 
and choice, o'f mti'lc-'rials — cypress and cedac-wood often* 
were used — were designed shed water an'cf protect th^ 1 
structures. In addition, ihe_gl,i/ing designs niinimize , 
solid pieces so thai light entry into the greenhouse . is 
optimized, Vent mechanisms can be reused effectively ■ 
I or large passive ven( openings, j 

The pieces can lie reassembled relatively easily lor use 
in an energy efficient -solar greenhouse, if reasonable , 
care is taken in dismant ling ,ind attention is paid to how 
(he pieces were originally assembled, A second glazing 
carebcradded on the inside ol the glazing liars w'i'thou't 
'Too much rlil I icultyr Plexiglass or polyelhlene could be 
used. J''" : 

I lie recycled greenhouses offer nol-only a charming 
appearance hut an excellent example as well. All green- 
house builders .should study die craftsmanship in the de- 
sign and construction of. these durable, old greenhouses, 

I lu' lolluwi|ng illustrations are roprodui ed (with pee 
nnisiion) from ii. iy-10's l ord and llirnham catalogue. (l.&I.J 
is-'slill dm.' olMhe largest commercial greenhouse com- 
• panies,) l"h(-vii.' greenhouse details are just 1 a sampling of 

the many designs from years ago -old greenhouse filming . 

ydi . encounter may be ditleienl Irom those ^ pictured. hen,', . 



Note the attention to sloping surfaces aKcHo the removal 
of .condensation. ';. , -. . 

f I ha n.k v to Mark Ward — sec; Resource' List-- for his help 
in 'preparing this sedition andfm excellent work in re- 
cycling greenhouses.) / . . 

COSTr.The struclu'res are often free for the takingjf 
you dismantle theni properly -arid i lean up the siie Paint, 
put t \ and often glass will, have" to be purchased to reas- 
semble tee un:ts ' V 

LIFEJPAN: If - reassembled correctly, .t*ie. materials 
should last indefinitely, except. for glass breakage. Scrap- 
ing off old paint and putty and repainting; is, necessary 
to prolong presj;'.rvatron of the* wood and steel, 

LIGHT TRANSMISSION: Probably about 6(K7t> percent 
of the ; sum"ight is transmitted through this syste'm'y'light 
Iracne construction Note the dimensions of. the glazing 
bars. • 

_.- INSTALLATION: When dismantling an old greenl)ouse 
.note carelully the way the -pieces go together. Measure 
distance's between glazing bars, between purlins, between 
support .posts .it the edges and in the interior, and make 
skeiches with -dimensions Note the way, the vent 
mec h.an.sir.s go together, again with sketches Note also 
the way the gable e Kids meet the roof, how the corners 
are put ■ together, where the nails -are put, and the over- 
all dimensions ot the greenhouse and founda.tio:h. Don't 
Inn :\ • : ■ ■ ' ' ' ~\ 

RECOMMENDATION: Use recycled greenhouses if the 
structures are avail. ible and if you are prepared to spehii 
(he lime' (and Jabor] to recycle the materials piooerk 
Don't use recycled greenhouses if vandalism is a problem 
and labor is expensive ' ' '< 
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The New Aluminum -Capped ^Bar 

No Bars To 'SffirfpS • No Class Slipping • No Leaky Roofs 

SAVES You Trouble iMONEY - L ABOR Protects Glazing With Ah Impervious Seal 



o 

© 




(UHC 



Vetted 



Great Advancements in jrcenhouw 
cbnstruciion like fhc new Aiuni! 
num-capped bar don-'t just .hap- 
pen, but are the results at maAy 
<■ tews and -lifetimes of experience . c 
' The baste idea .has been used tor 
many years on the finest tM-pnvjie 
conservatories with out sc an di 
success 

T he -first grecft.bc>uKi designed 
with an aluminum -capped .bar 
■were hutlt by usin \ f H0 at fh< 
' U S.. iWaiiK Cut den* -it \V*\\v 
ingtoh, I"). C Cap* on r ly halt'ilK- 
thickness fit thf lie w .1 aluminum 
bar cap were used. Now, alter its 
years, entirely without matntf 
nance, t lie y .ire as good at thi 1 day 
ihey were installed. 
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HUNT, ihe gla^s n ludded hi Rreen house gla/mg loiuivniml 1 
cSprti.il I. WU Wo 202). Np iiiili are uu-d In hold the glass in 
place. Alter lite K ! .lass is .hei'Med, a linhlet gudi-, glazing compound 
iSprrial .1. I.?. M No H)l)ns applied 1111 the hue, as illustrated 
The Aluminum fap.i* then hrtldrd jn this compound, and held 
hi place with u Ijaly-aiii/cd . sarw which is insulated from the 
Aluminum liy J fib'ie washer- ■ ' ' ! " 

The caps are the tame lengilj as ihe tiglm of iila*s, and lap iivn !. 
line .mother. as-piiilurc-d. The upper end of each cap forilllt a solid 
glass slop [or ihe,light of glass above The cap is held firmly in 
plate by the overlap o( the capabovr. That raised boss on the 
upper end of eachlcap is a spacer, and determines the exact posi- 
tion of the next e-ap up (jif'toof so the glass is spaced exactly 
right, j . 

Caps are lurnished; lor. glass I II. 'Out 1\ inches long up ihe root, 
"t he gla/.ing is ''started at the eas-c-— -one course at a time .The ' 
caps are, pin in place for each court- as you go Caps ate cm for , 
short headei 01 otl^rr odd buhls. 



Dmablr 




1 he mejal usrd tor ihe : new Aluminum ttar Cap 
is 1 ri li tf S Gauge, alloy S-T which is the most 
corrosion resistant of the strong aluminum, 
alloys, . 

g,tpairs are- Easy in case a light of glass is 
broken. It is only necessary to take out ihe two 
screws on each -side "the -trrokm hghr.— imd 
loosen the two -screws "of the cap directly above, 
lift up the cap. with the point of a chisel'! remove 
and re-sct the glass as usual. It can be d6ne just 
as quickly as with the usual g'revnhouselglazing 
which is held with nails: 'J* » 

Not A Cure-all—the new Aluminum bar cap 
is not a restorative which can be put over exist- 



ing gla/ing It is only l,urnislu*d with new.cbn 
siCiiction and lor existing greenhouses .Which 
ate to be entirely regla/.cd '.' 

1-here is no use to pul a new construction 
over an old worn out foundation, Old putr'y is, 
usually crumbly clvalking out and washing 
avvjy, and it will con t inue to do so no matter 
j how well it is capped on the lop. Condensation 
is bound 10 Veep itwer, and it will freeze and 
push out in cold weather. Furthermore, before 
caps could be put on the nails would have to be 
pull'cd out and the glass pushed up or down a 
little to fit the exact spacing which would, be a' 
very difficult and impractical job. ; 



(pet t£i& He(v'?%et<il - (?l<ui S<tr ok yaux next * (pxcc*6oude-'7f.(xu6auz t6e addttiaHcU @o4t it a. £etv ytxvu. 
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Details Like This Make Greenhouses LAST LONGER 



^^^^I'J^rdcults -slinwn here are of vital importance In maintain 
:^3§poriK "lit c arid low operant cmls in any greenhouse. construction. 
-^■S^TsmhIy of these will show how carefully rath ii designed and 
itamifactun'tt m l. W II Semi-Iron construction for the pin job 
U has to do uii the K lass structure. They were developed out of «2 
years experience in designing and manufacturing greenhouses — 
r insutance o( a safe.'inye.stnieril.^ '. ( ., ,. -> •< 




°- Chapter Eight: 

VENTILATION 

AND 

COOLING SYSTEMS 
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V'/entilation and codling systems in a solar greenhouse are 
V integral to maintaining a good growing environment as 
well asNc'o.mfortable sunspace. Cooling is the more- limited 
topic since it relates -specifically to maintaining interior tem- 
peratures below some critical level at which crop produc- 
tivity drops off or plant damage occurs. Ventilation, which 
helps limit excessive "heat buildup inside' the greenhouse, satis- 
fies a number of other needs as well: It furnishes plants with 
fresh air, providing, the neces'sary*CO ; for photosyntResis; 
■mixes greenhouse air that wpulcKotherwise. stagnate around 
the'plants; and regulates the interior relative humidity. Goad 
ventilation also can-aid in plant pollination. ■ , 

Traditionally, glass greenhouses were built with numerous 
small, overlapping panes of glass, Tnese greenhouses were 
not very .airtight and the naturally leakV structures permitted 
substantial (a ; nd necessary) ventilationx However, the old 
greenhouses also permitted v'erY.s]gcutic«ntrhwt' / l6sse$ :, puririg 
the heating season. .' \ 
■ Today, heat loss is a critical problem in anVstructure.\Solar 
gr'eenhouses usually are built with maximum control over air 
infiltration. There is_an\ important. balance to\maintain**be- 
tween ventilation needs and heating requirements, and venti- 
lation systems mustbe designed accordingly. "\ 

* Doors, windows, vents! and fans are the mech-antsms that 
provide ventilation and cooling. Yet these same greenhouse 
components prdvide idea! loc ations for winter heat fosses. 
These moving parts, designed to open and close, require cpn- 
;;$i'd:erable attention to. construction detail. Installations mW 
•b^well-sealed and. airtight when closed. Wea tfoers tripping 
and good latches that compress the weatherstripping are es- 
sejS.tia.1. Foamed nooprene weatherstripping, a good, long- 
life material, should be c^.refuJLY.^n5ta'lte3 where it will be 
;.out of the suri as naiUch-asTpbssible and where it will not get 
damaged in everyday use. ; . 
"~~ It.is wise to install screening across all windows, doors and 
vent openings, to,keep hoube pests and pets/qut of the greeh- 
• house and beneficial predatory insects in -fhe gree'nhouse. 
What's . more, ..screens, will ihelp, insure that any insect prob-,, 
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lems in the greenhouse will not spread to your house- 
plants.,, ( ' '" ' « 

But airtight weatherstripping and effective screens are not 

-the primaryj ingredients to good ventilation and cooling sys- 
tems. Rattier, it js the greenhouse operator's responsibility 
to ensure/ that these systems function properly. Manual 
systems must be monitored frequently. These tasks require a 
conscientious time commitment. One day of neglect, could 
destroy a crop, During the, -.summer, vents must be open in 

a the. morning before the sun gets very high in thesk'y and 
closed at night after the warmest par! of the day. Often these 

•; operations coincide quite well With. the typical working day — ' 
open the vents before you go lo work and <. lose them after 
returning home. But in the winter, clays are shorter, and it 

, rrray be. dark and cold when you leave for/Work, and the same 
when' you return later in the'day, Hencef the venting regit ire- 
mehts wiirdiffeT'-rf.om'y^rwbTir"scliedule. If someone is. at 

. hd'me all day, these operations present no rea'l .problems; but , 
if you are trying to operate' a solar greenhouse during the win- 
ter and all, house occupants are absent during the daylight 

.-hours, problems. may arise. Automatic controls will hera/but' 
they are, more expensive. Also, if you ,a,re using the greenhouse 
as a space heater, vents°between ;the house and the gr'een- 

: 'house, must be operated efficiently and at the appropriate 
times. ' . • 

Information'presen.ted in this chapter will help you design 
an effective ventilation system. The relationship between 
ventilation anrf pla.nt .-productivity 4s -explained and alternative 
ways to reduce, venting and cooling needs are described. 

• The clifferencefbetween, natural and forced ventilation is dis- 
cussed and construction details for various vents are specified. 
Also, opening and closing mechanisms are -explained along 

-. with many other helpful tips. Cl 

VENTILATION AND^LANTS 

As mentioned above,, proper ventilation and' cooling are.: 
essential to obtain satisfactory plant productivity in a-.sbTar 
greenhouse. It is important for every greenhouse builder and 



owner to understand the interrelationship between ventilation ; 
functions and plant needs. 

First, there is an optimum temperature range wVhin-which 
all plants grow well. When the interior greenhouse temper- 
ature exceeds the upper limits of this : optimum growth tem- 
perature range, plant'prtoductivity starts to decline signifi- 
cantly. Wants become stressed, wilted or damaged, and may 
possibjy die; or else they. become more susceptible to, insect: 
and disease infestation. Thus, the ventilation system must 
function as the tempera lure- guirrdia-n — reducing excessive 
heat buildup when necessary. - 

, Secondly, plants need oxygen-and carbon dioxide for respira- 
tion. and photosynthesis, respectively. Considerable amounts 
ot CO. are needed during the day, particularly on sunny. days, 
for piaTitgroivth to occlir, and air is the best source for this 
carbon dioxide, if the ajr in a- gfeenhoijse ,is not changed 
regularly, the plants deplete -useabJ^e C0 2 ! levels to the point 
where their growth begins to suffer. TfiCrsr-ventilation must, 
provide fresh air to the plants regularly. Air stagnalfom^Lfects 
plant growth as well, because layer.s of C0 2 -d'ef icient air carT~ 
build up around each leaf, thus retarding photosynthesis. 
With arr movemer^L-xrealed.i3y ventilation, these stagnant 
layers are dispersed and more carbon dioxide comes into con- 
tact with the leaf surfaces, _ - 

' Thirdly, most plants, except perhaps tor suec ule.nS, grow 
best in an environment in which the air's relative-humidity 
does not rise above 70 percent. Consistent humidities above 
this range create conditions in which diseases and fungi can 
spreari.-A solar greenhouse's enclosed environment, along 
with .constant plant -transpiration and water evaporation 
from the soil, often can result in sig'nif icantly higher rela- 
tive airtiumidities inside the, greenhouse than in the outside 
air. Thus ventilation systerns; b,y exchanging inside air with,, 
outside air, function to reduce the interior humidity and to; 
maintain an adequate growing environment: On the other 
hand, in dry climates (where humidity is below 40 percent) 
greenhouse plants may dry out an'd wilt. In such a case, humi- 
dif ication techniques should be used in conjunction with 
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venting. Onefeimple technique i\ to place open, container? 
ofwarerinthegreen.hou.se. \ 



METHODS TO REDUCE 
VENTILATION AND COOLMNG NEEDS 

There are a number o.t ways to ctit down the need for 
venting ifncl cooling in your greenhouses One alternative is to 
design the greenhouse so that a good\cleal of the summer 
.sun is blocked from entering. Solid mo: sections or over- 

niK,r :i n J"ij >_ i or o^'^^r j ) I on'.J_b't_f*.j<rtJ-?.\j-.-..^-. f -,.- j ■ wa-i.: „ 1' 



Duung summer r -the shady trees protect lib' greenhouse from 
ovcrhenlmj;. fly winjer^the leaves will he f>nne to let in .is much 
sunshine as possible." 



Ihe gla/ed roof However, wherever the lye is a- permanent 
shade inside the greenhouse, and only diffuse radiation re- 
flecting in from the south, it is difficult to |kpvv most plants 
unless you can reflect some of the light bacV to the shaded 
area. I nns, solid root sections or other solid overhangs should 
be constructed to shade very little of your plVnt beds when' 
the sun is highest in the sky. If you prefer moVe shading to 
, further reduce solar_'heat gain, and you build Overhangs ac- 
cordingly, you 'should consider not planting" inUhe shaded 
areas during the summer.montfe.-butlrathe^heh-the-sti'n-is----- 
lower in the sky — say, from August .through May. Another 
option is to grow crops that do not require much light in these 
shaded areas. \ ' • . 

. *<-A second alternative is tos'hade-the greenhouse with natural- ■ 
vegetation. If you live in an area of high solar intensity, par- 
ticularly- during the late spring, summer and early fall, your 
greenhouse interior will probably overheat a lot. In suc-h\$t,se's; 
you can block out some of the sunlight before, il-conWs ;in - 
through the glazing, by locating the greenhouse where 

deciduous trees will partially shade •! during, t'he summer. 

Deciduous frees lose their leave in the fall so the winter ' 
su if is only minimally blocked otfit. Ideally, "trees shoukAbe ; 
[placed off the southeast aiul. southwest corners of the green- . 
j;ou-e to block morning and afternoon summer^sunshine, Suc\h 
iPl4c ement will help minimize -shading from tree trunks_and 
jbranchaidluring winter . - ^ 

I As for blocking mid-clay summer sunshine, you. can grow^ 
(vines and'ereepers Lip the outside of the glazing, preferably \ 
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on trellises separated from the glazing by a foot or -more. 
These, like the deciduous trees, will provide partial shading 
during the warmer months, and will lose their leaves (or you 
can completely remove the vines and trellises if the plants 
are arynuals) in the fall. . 
. I wo other techniques often ore used to provide some 
shading fof.greenhouses. One is to use semi-transparent blinds 
made of woven polyester, slatted wood, bamboo? shades or 
some otheupalerial. The blinds call be rolled down over the 
glazing during .hoi. sunny days, and still let in enough light ; 
for plant. growth, The slatted wooden and bamboo blinds, 
will last: for many years if maintained well, while- plastic 
blinds or. shades tend to.cleterioral.e after a few years due. to 
ultraviolet radiation exposure.. 

/ These bliffils and shades _are' most .effective if they are 
mo,unted'o,n tne outside of the glazing because they stop the. 
sun'< rays before they enter the greenhouse. Most roll-down 
shadjng systems require simple pull-cord mechanisms to 
operate. However, they do need !o be firmly attached along 
the top and weighted at the bottom edge to prevent exces- 
. sive flapping .during windy_periods. Battens and hold-down 
clamps along' the sides and bottom also work wel], although 
these can be; fairly costly (check the Resource List for sup-. 

p |i( ' is i- • j :' ex ' 

If you only have a few prams in the greenhouse which 
require shading, it may be more practical to suspend some 
semi-transparent material, slatted blinds' or cheesecloth im- 
mediately-above the plants to protect them individually from 
the direct sunlight. • _) 

Another shading technique is to "paint" the exterior glazing 
with whitewash or one of tf\e other commercially available 
shading compounds. These products are.easily applied to the 
glazing material with brushes, cloths, roflers, or brooms. 
Usually, they wash off gradually after a number of rains, so 
by/tnte summer the glazing is clear again. Soap and water 
can be used before winter, sets in to remove. any remaining 
traces of these compounds. But be careful. Before using any 
of these paint-type shading compounds, c heck to. see if the • 



product contains any chemicals or chemical compoundsthat. 
would damage the greenhouse glazing or caulking. W hiter 
wash, f or^ex^mpie, . is a lime based solution which can cause 
rapicKdeterioration of plastic film and fiber-reinforced. plastic 
surfaces. 'Thus, it should not be used qh these glazings. 
Whitewash also can react with many surface paints and'various 
putties used to hold glass in place. Additionally, when these 
solutions, wash off, or are. washed off, they may eventually 
end up in some concentratedfform in tfie soil adjacent to the 
greenhouse;! Protect your lawn and garden. Don't use hazar- 
dous products, ' 



THERMAL STORAGE — a hidden cooling system 



It may seem odd, but one way to reduce, the need for 
venting and cooling your greenhouse is to add more ther- 
mal storage. It helps, and here's how: The, more" thermal 
mass, inside the greenhouse, the more excess he^.t it can 
absorb and~store during the day. Thjs excess heat is re- 
leased when ambient temperatures are cooler— that is, 
at night' ,;. _ ; ; \ ■ '■ " 

The process is similar to that which occurs during the 
winter, when heat stored during the day . is used to get. 
the greenhouse through' the cold nights.. In summer, we 
don't need to worry so v much about the nighttime tem- 
peratures; rather,_heat storage is used to help remove ex- 
cess daytime heat. \ 

Using thermal mass will not eliminate totally the need 
for other venting or cooling systems. It will however, re- 
duce the amount of venting or codling-required. , 
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NATURAL VS. FORCED VENTILATION SYSTEMS . 

JZ.e.nt i n g_ancLc-o o ling-tech n iq u els-ge n e rally can b e -d ivrd^d 



into two categories: natural and forced systems. Natural ven- 
tilation' is perhaps the simplest,. a.nd least expensive way to 
vent a greenhouse. Natural systerps can rely on the prevailing 
winds surrounding your greenhouse to induce natural air 
movement throughout: the greenhouse, or on the tendency 
of hot greenhouse air to rise naturally, Forced systems, on. the 
other hand, rely on fans to move, air .through a greenhouse 
and provide adequate ventilation. 

Natural Ventilation 

If you build a greenhouse in an area where the wind always 
blows during the wfrrm, sunny hours of the day, then windows 
or vent openings along the greenhouse's windward and lee- 
ward sides should provide stiff icient ventilation- ] o take best 
advantage of the wind, the windward vents should be slightly, 
smaller than the leeward vents (Figure 0.1). If, On the other 
ha rid, you build' where the wind. isjirre'gu.lar and undepend- 
able, then you will' have' to induce air movement by creating 
a "chimney effect." ' j • _ . • 

- To induce natural air movement; yents can be placed on the 
east and west ends of the greenhouse near ground level and 
also near the roof's peak (Figure 8. 2A-). If your greenhouse 
is more tha.n twice as long as it isswide* you alsoshould put 
some lower vents in the south wall, at or below the height of 
the planting beds (Figure B.2B). "An excellent, variation is- to 
instafl kneewall and ridge vents along as much of the'greeh-l .■. 
-house's length as is practical (Figure 0.2C). On hot, windless 
days, with the. upper and lower vents open, the warmer, lighter 
greenhouse air will rise out through the higheropenings while 
.cooler ;;round level air is drawn in through the lower vents. 
The air movement caused by this "chimney effect" is slow, 
but can be sufficient to maintain acceptable interior'temper- 
atures. • . .. . , r . . 

The total area of the upper vents should be at least one- 
sixth of the greenhouse floor area. There is an optimum ratio 
of exit to entry , vent areas, as well, but the ratio depends 




FIGURE 8.1 Taking advantage of prevailing winds — natural yentifatiQn 



A'gaod-n'aed ridge vent coupled \vitha.lont> lower vent that ; 
•rqvers almost the entire kneewall provide excellent natural 
voptilation in this Massachusetts greenhouse. 




J 

SOLAR CHIMNEYS 



aj^mpawti'^roup of Seattle has developed a low-energy 
'^Blwpp^V stem -ca I led the thermal stack or solar 'chimney. . 
The chimney (Figure 8.3) rises several feet above the green- 
house peak. It is about 2 ft. square Jn. cross-section, 
.glazed on the south side;. insulated on the other three 
sides, and painted black on the inside. Air in the chimney 
is heated by the sun, becomes more bouyant, and rises 
up and out. In the process, greenhouse air is drawn into 
the chimney base (at the greenhouse peak), With the 
lower greenhouse vents open, the resulting chimney ef-. 
fecc^can be quite significant, prov.iding a ventilation rate . 
upwards of 600 cubic feet per minute! The hotter {he 
sun, the faster the ventilation rate. The Ecotope system 
is controlled automatically by a heat motor at the vent , 
opening between the greenhouse and the chimney. 




FIGURE 8.3 Solar r enhanced thermal chimney (solar chimney) 



on many factors, including the height difference between? the?' ■ 
openings; the normal ambient and interior temperatures and 
relative humiclitjes, ground cover, etc. A general rule of. thumb, 
though, Ls to make the total area of the upper vent openings ' 
approximately 20 to 30 percent larger than the total area of 
. the lower openings. In.tall greenhouses (higher than ten feet), 
the greenhouse door can Be included as part of (he lower vents. 
Injow greenhouses, the top-third of the door can be included/. 

■as part of the upper vents. '...-;'■■ 

' \ ' l ■ ' . ■."' ""■• 

Forced Ventilation ; 

■Using fans to-moye air in and out of a .solar greenhouse 
can be an appropriate option to natural ventilation systems. 
One relatively small fan and an opening on. the opposite side 
of the greenhouse can replace a series of roof and wall vents 
and is. less expensive* to install. Building tighPelosing, easy 
opening vents that allow natural ventilatjon.-also requires', 
good 'finish-carpentry skills which may be unavailable; An 
'.associated advantage of fans is implicit: With/fewer vent 
openings; there 'is less possibility of* air (and heat) leakage 
around edges. Fans also'-can be fitted with , an inexpensive/ 
thermostat for automatic operation. , . ' . ' 

. On the other hand, fans require energy to operate, and 
electricity can be costly as well as less reliable than is neces- • 
■sary. If your site is, pro.nle to even a limited number of elee- 
lri( i!v"":)l,fc'k()i.ts""r!ui.in!.: the hot summer months, you migiy 
not want, to rely entirely on fans -to keep greenhouse, tem- 
peratures wifhip tolerable limits, fans also make some noise, 
np matter how well-mounted, and the larger the fan, the 
more noise i( will make; ' ."„'" ^.i::, .,.' 

The d.ecisidn between natura^ancj forced ventilation sys- 
tems must be weighed carefully, for example, if you have 
to drive some distance to get to your greenhouse, it will 
be inconvenient to have to tend 'to 'vents in the morning and 
evening. In such a case, .natural circulating vents with reliable 1 ' 
automatic openers o*-.in i\ci trie fan with a thermostat are., 
-good-choices. You will find that automatic ventilation .is in 
far a better energy investment than'driving vour car several 
miles to open vents. . ' 



To optimize energy use, you,must use the roght size electric 
' •fan , for your ventilation' need's. Conventional greenhouse 
manufacturers recommend that* summer.- ventilation rates . 
should be in the order of'one complete air change every two 
to three minutes. But a ' solar greenhouse is not a conven- 
. tional greenhouse. It is not glazed on all sides, and it has a 
: large heat-storage mass which provides considerable cooling 
during the cfay. Couple thtLs&--«^iaracteristics with some of the 
shading techniques outlined earlier and you,, have a ..green- 
house interior that requires less cqolin-g than a conventional, 
greenhouse ''".''.'. ■ • .• 

You should be able to get. by with a fan of one quarter or. 
' ..a t most, one-half t.he. capacity re-compiendecl for a c onven 

tipnal. greenhouse Jor- solaLgreen houses yyitlr little shading, 

one air change every //'ve mintites shotild be -adequate, for 
* greenhouses that are at least.parlly shaded during hot periods, 
'one air change? everyeigbt to ten minute's Is adequate. "As an 
'example, consider a family-size greenhouse with a 200 s*q. ft. 
t loo: area If the average height of the structure is eight feet, 
.-the total interior air volume .is approximately^ ,600 cubic feet. 
\ If it were a conventional greenhouse, the recommended ven- 
Uilation rate for a fan-would be 530 to 800 cubic feet'per min- 
ute (cfm). But, a well-designed solar greenhouse might only 
■■ require a fan capable of moving air to 1 50 to 400 cfm. , 

The simplest arrangement for a forced-air ventilation system 
is an exhaust fan situated near the peak at one end of the 
greenhouse and a Ibw-'level wall vent at the opposite end,... 
The exhaust lan should have shutters that are opened out 
ward by the.'force of the moving air when the/fan is on, and 
close by gravity when the fan is off>T.he vent opening also. 

- can be built with inside louvers that open unde-r the suction 
of the exhaust fan. Small, -good quality 'exhaust fans can be. 
inexpensive and use 'little, electricity. A cooling thermostat' 
on the fa"n,,which will turn pn the 'fan -only when it is needed, 
will, save energy and save the trouble of turning the fan on 

- and off. Any electrician's supply" house can supply you with 
a fairly low-cost (less than £20) cooling thermostat-which will 

- work Oh the same '! ',0 volts'as the fans (called a "line, voltage 
cooling thermostat"). • ' . -■--'-■:■"'" 
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This. small circulatinii tan keeps air "moving around the plants, 
thereiby elyfiirjo^f/ng. moisture and-carbbn dioxide buildup. 

AIR PRE-WARMING, CIRCUIrATlON, AND COOLING - 

-Another' iTTjpqrtant'Gonsifle^ttoni regar.din^^ventilatioh'sys 4 ^; ' 
■ temft ; ';isvtlie/,necie^si ty,<ster ','tr^'at!"y 'the'/ ihfxirti.frjg. ajr ; - Ip • winter T. 
$£?WM&$$$f$$% r i™^ 1° |H*t pi a ^re^nb^hi to^re^c £1)^ 



iby ''a! ijlast'of ; fco|tl iOute^e'' ai^Atlqitional ly.'.when the green; 
ho j.i se ( i s ' e I ose,dl i g hf to:consei'veJie|&t,.i,t.is impoft'ant !<) keep 
: |meribf. 'greeri'hbuSe.a'ir moving.'' In summer.lair must be cooled, 
for .TSfe v¥nTfl a'fJolT when .ambient tempei^fuTes. are very high.*" 
Conventional large and medium-scale greenhouses often- 
take in ventilation :air, mix it with circulating airafid pass • 
• it ..thrqugh space heating furnaces. But. for low-cost, family- 
si^ed, attached solar greenhouse, it is-very difficult to -econom- 
ically justify suc.h.-a system. For one thing, it is not so impor- 
tant to ventil'ate -f-r-equently -dur-ing winter since temperature 
build-ups are not as great as during the summer. Also, winter 
days are .'not as long, so less phot'osynthetic activity takes 
"place^ afld there is a reduted "need for. carbon dioxide. On- 
winter "days when venting is required, exchanging- green- 



house air withjir from'the main house will satisfy .the plants' 
. needs for fresh air and will transfer heat to the/main house. 
Subsequently, the nefcL .for an .air pre-warming system; is 
negligible. "O J -V ' , . ; , . / • "■ _ ■ 

For freestanding greenhouse's, though, some/minimal daily 
quantity 'of outside air is needed to replenish ^arbon dioxide . 
levels, and some air pre-heating may be necessary. If. cold, 
air has 'to, be- brought directly into the gre/enhouse, s bring 
it in higher up where the greenhouse air is the warmest and 
where colcj air will not come into immedia't-e contact with 
the plants. Circulating \tans can mix up (he warm and cold 
air and distribute it throughout the greenhouse. In such mi , 
cumstances, these upper vents should remain open only fpr 
shprt.periods; otherwise, heat looses can be excessive. '■ ' 
If your greenhouse has an entry vestibule or a polling and 
work' room, those areas can be used to pre-hear incoming 
(<tjldjair, -Vent 1 openings should he situated jio that when warm 
• air is 1 being vented oi.t near :1ft' peak of the greenhouse, cold 
outside air entering to replace it is drawn through the vestibule 
orworkfoom, ancf then into the greenhouse proper. 
', For attached»sblar greenhouses, air ■circulation between the 
, greenhouse and the heated building (using doors, vvindcfWs or, 
, ■ A'eht, opeYiings) qften'is.the qniy ^vihter\^n'{i|a'tiori. necessary " 
./'H.oy?v,er ; ~a 'circulating fan : may. be'ihs^fuk to keep aj.r mqy- 
■ i'hg ; a round the' plants'.. Fans v'agitate, , and ',drs'p,er : $e localized 
•'moisture and 'carbon dioxidebuild-up around Jth'e Feaves;', de- 
er e a s i n g o p p nitu-n: ties ( for mo Id to grow ' a n d the need' for 
ventilation' with coid 'Qutfiide a rT^A' sjfn all 50r1 50 watt fan 
.will usually be adequate for greenhouses from 100 to 200 
square- feet of floor area. Fans should be hung t mm the 
ceiling, or placed in aiY out-of-the-wa.y location. When the 
.fan is turned or,, air should be moving most plant leaves 
slightly! If the fan doesn't movefile leaves, .it is probably too 
sm^ut| or not properly placed. A small polyethylene tube 
taped to the fan can be Lised as a duct to distribute the air. 
Generally, circulating fans are needed only in freestanding 
greenhouses. or in attached greenhouses when air exchange is 
limited between the house and the greenhouse. 
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As for air coplihg, if the shading techniques and venting 
sytems are not' successful in reducing your summer green- 
house air temperatures to acceptable levels, there is an ad- 
ditional step yog can : take: use water to cool the greenhouse 

,air. If water isjallow'ed to evaporate in the 1 greenhouse, :t will 
absorb a lot of heat energy from the air while changing from 
a liquid to a] vapor. Heat absorption by the water' cools 
the air, ' , :l ' .- :. ' 

There /are a number of ways to evaporate water. The sim- 
plest is l:o,hose-down greenhouse walkways and storage areas 
around noon on a hot, sunny day. The resulting water evapor- 
ation from these surfaces will increase the humidity .and de- 
crease air temperature inside the .greenhouse. * 

Another option is to install evaporative cooler units (pur- 
chased from greenhouse suppliers), complete with a fan, cool-'' 
ing pads apcl water recirculating systems.. Smaller units, suit- 
able for family-size greenhouses, have Vi-hp fans. On hot 
clays, a single evaporative cooler can use over 50 gallons of 
water. Evaporative cooling systems are more effective in drier 
climate\or on 'days when the. outside air has 3 .reasonably 
low relative humidity. The systems become fess effective as 
the.ambient humidity increases because' the .air's moisture-- 

' \hoJding , capacity is, r-eduqed^ and less water is able to evaporate 

. fh>m,lW pads or wicks-. •' 1 ' •/ ,'' '':;!/■',. 

■ ■'',.>. TT^e f^'ct: thiij (w|pot;f>t'fv;evcoolers, increase 'the dirfium^irit'y, 
in a greenhouse ; is a point worih no'.ing. lor drier areas ot 

' the country, higher humidities present little prob/em. 'and 'in' 
fact, can provide a better climate, f.br plant ■growth. But in 
humid regions, where evaporative cooling is less effective," 
any humidity ;n< re.vse inside a greenhouse can cremate a si (na- 
tion where} disease and fungi- -could, spread rapidly. Thus, ' 
shading and ventilatirrg should be used extensively in very 
humid areas. s. 



HOUSe VENTS FOR ATTACHED GREENHOUSES 

Attached 'solar greenhouses require, two venting systems: 
one through the common wall. to the"."house,' and the other to 



the o exterior. The two systems serve different purpose's -Air 
exchange with the house takes place predominantly during'- 
the cooler seasons of the year. Excess greenhouse heat ai\d 
some humidity are transferred. to .the main house during the 
dav, and (if you decide to set your backup heating systerrj 
up this way) house heat is transferred to the greenhouse at 
night. Venting to the outdoors, on the other hand, will be 

.necessary d.y ring -the warmer months to maintain "..moderate 
greenhouse temperatures. ' . * 

The easiest way to ventilate between the greenhouse and 
t henhouse is to use existing doors and windows. An ideal situ- 
ation is to have one or two basement Windows and a main- 
floor window |§ix to eight feet abok c the ground) enclosed 
within the greenhouse. In this case; cooler basement air. enters 
the greenhouse, warms and rises inside the greenhouse, and 
re-enters^he house through the upper window. 

Generally, large venting areas are not required between 
the house and greenhouse because heat build-up inside the 
greenhouse is not that extensive during the winer, and neither 
is*the need for fresh carbon dioxide. Total vent areas should 
be approximately eight percent of- the greenhouse floor area, 

^although larger openings will facilitate air flow somewhat. 
The area of- the upper openings should be a,bout'3b percent 
greater than that of.'th'e lower openings .* - i : : ;"'■'<•- 

:'..'■'■ -A sfngle door b%fw£e.fr.t^ 

good Vent ilafor , as vvpli, 'CoOk'r hou5s" air near "the ( ffo,or w^ll 
pass through the open cfdor irit'erthe greenhouse, and warmed 
greenhouse air'will enter the house near the top ol the door 

• ■ ljjji.6 openings; or-just one window, exist along the common 
Avall^hen you must -construct some "ventilation ports through 
the wall. When building vents, the closer you put the lower 
vents to the greenhouse floor, and the upper vents to the 
greenhouse gej^jhe ""be tter will be th e- ventilation effect. 

I.kiilci:rtg-!iu>se ports through the common-wall is a job you 
will have td'ejecide how to do best. 1 he construction materials 
used in the wall, the spacing of°the studs in the frame'and the? 
-aesthetics of the adjoining room are some of the variables 
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FIGURE 8.4. Horizontal wjall section of side-hinged door type vent (from attached-greenhouse through solid wall of house] 



wHich make' i t dif ficiill tci' fiviye; spec Wic irfetaji^ .; Wood- sidingijt;. '. 
easier' to wwk With' than :masonT-y, . You, can. find-out -how: tti 
'do/soln1l..masQi'T» : Y ; Mbsjh the Renders, Digest C omplete-Do-lt- 
Yourself Manual ^ . |[P | e iisa it I y i.l J.e,,. . N e.\^. ..York... .'.R pnd.ers. Digest: 
Association, '1973). i • 

Tor houses with wood framing you c. an use the studs as part 
of the vent Ir.uiie .^int-x'.ye:)'. openings are not wide, there is 
' no need to add a lintel to support any of the vvall's weight. 
Details of a typical vent cut through 3- stud wall with wood 
siding are illustrated in J igure 8-4. . ' ■•■ ■ " 

Cut ii hole through '.new-all between the Muds, and trame- : 
in th.e opening t:<ing the studs as the sides. If the studs are 
2 X 4s, use 2X4 blocking at the top and bottom to frame in the. 
hole. Fri:n can be p.lacej:! around the vent opening for good. 



iqnks l-ightei'V >t 4's";ca it; be tis.tHi .fo.r frd mmg the ven't door.* 
'BeTstire'toHaper.the side '.bf the; d'o'of oppb.site the hinges so 
that - the" door will cTc/se.' easily,'. 'A M g u a r t e p-.rpu n cl hailed to 
the "1 X 6 which frames: the inside of the opening provides a 
surface for the weatherstripping on these sides. On the hinged 
side, the weatherstripping can be placed on the same face as- 
the hinges, 'Removable-pin butt hinges will„make the job - 
easier. .Construct the-vent doorto fit snugly When closed, and 
hinge it at the side, A sliding bolt hitch into the house m 
teri or t rim'wii! hold th.e uoo- siuii Be sti re that the. quarter-- 
" o 1 1 n d' iTs e a. re I \ 7a ste n e d to take the pressure of the latch. 

It is best to insulate the vent'door. ■ You may decide some- > _ 
time in the future not to operate the greenhouse for tood pro 
duction in the winter, but rather to use it only as a daytime 




•Two windows along the common wall allow greenhouse heat 
to warm the adjacent Community Action Center in Gloucester, ' ! 
Massachusetts, Note, if there is only one window between the 
;;hous,eand the greenhouse, H is whe tpbuild.a small Walfverft ' ■ 
[dose to ,thd floor} lq promote natural air circulati'oh.and adequate' ' ' 

v.eflting. •„*• 3 y ! »fV- ' *' - ; "> ■■'»,' 

space heater. I'n such -ir cast 1 , uninsulated vent doors can be 
serious heat.-lo.sers. Use Styrofoam insulation because fiber- 
glass may shake loose after many openings- and closings. 

It is a good idea to install screening across all vent openings 
between the greenhouse and, main house. The screening will 
keep greenhouse pests out of the house and household pets 
out of the greenhouse. If yoii feel that greenhouse- tempera- 
ture buildup becomes too high, or if. it is not practical to build 
vents large enough for natural circulation, very small blowers 
placed ,in the upper vent leading to_the hojjs.ejDr^dxc-uTa-ting- 
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"fans can be used. These-are typically units of 100 watts or less 
and are capable of moving up to 400 cubic feet of air per 
minute for a 200-300 sq. ft. greenhouse. These fans can be 
either thermostatically or manually controlled: A lino-voltage 

.cooling thermostat sensing-the greenhouse 1 air-tempera -ture-is- 
adequate. Manual controls will 'be I'ess expensive, but will re- 
. quire that someone be around during the day to turn the fan 
on and off. Th,ese fans will be somewhat noisy, which you may 
find annoying. 

Building a vent which operates easily and closes tightly 
takes good carpentry skills, a lot of patience and a fair amount 
■ e>f time. Well-built vents are worth the effort, though, and 
make a greenhouse a |oy to operate. Reserve, your best car- 
penter for this job. ■ ' ■ " / 



TO CURB OR NOT TO CURB? 



A ma|or vent construction decision is whether to build 
a solid vent with a built-up "curb" (Figure 8.10) or a vent 
that is flush with the greenhouse surface (Figure {TlTT 
(Also review Figure 1 8.6 when considering a curbed vent 

-in a glazed section.) Curbed vents offer much better leak 
protection, while-,,f Uish vents improve the continuity of 
the fnsulatiqn, which helps to, minimize heat loss through 

. the vent ant: vent trfming < 

rvtahy people think that water leaks are not ajiroblem 
in a^greenhouse since the plant's need water anyway. On 
Che contrary, leaking water will rot wood, degrade insula- 
tion and destroy, interior paint. In freezing climates the 
expansion of freezing water will push parts of the green- 
house apart. 1 

The. stiff galvanized steel flashing on the bottom and 
sides of flush vents will keep out much of the. rain; but 
water from a blowing rain will probably creep in. There- 
fore, flush vents should not be used in very rainy areas or 
on shallow slopes (less than 30° from horizontal - ). ■ 
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- GLAZING VI NTS 

°|n order to achieve sufficient vent area, it is often neces- 
sary to use- part; of the glazed section of the greenhouse fpr . 
vents. A window Or glazing veritconsists of a frame'with glaz- 
ing firmly attached, a hinge,for the frame to pivot, and some 
mechanisms to raise, lower and hold the vent in position. Be- 
fore reviewing details specific to-vents made with certain 
types of glazing materials and used in certain installations,, 
some general points applicable to all glazed vents are men- 
tioned- below. ■•■■>/ 

The frame should be sturdy, constructed with doweled or 
lapped joints (see Chapter?, Plastic Window Frames, for con- 
struction details on suclvjoints)i Weathers tripping must be in- <"* 
stalled around the entire perimeter of the vent so that all air 
'flow is cut off once the vent: is closed. Hooks and eyes or other 
solid latches to.holcl the vent closed should be used to com- 
press the weatherstripping between .the vent perimeter sur- 
faces and the greenhouse frame. .** ■■»•■■ . . 

If the greenhouse is double-glazed, allwindow vents should 
be double-glazed-as well. Preferably, vents should swing open 
Jto the outside, u/i'less there is space .inside the greenhojjse 
'where . an inward swing won't interfere with plant growth. !n 
general,, vents are hinged alo.ng their uppermost stirface'and 
.' appropriately flashed for waterproofing. Vents "in vertical 
gl^ing^ do nqrjHeecJ t.he raised framing or "curb" required 
r in -sonie slanted roof vents, to J^e'ep water out. Or\ a kneewall, 
yei^so^ 

imaltllyTho height of the planting beds. " 

Vent in corrugated FRP 

(Figure,!!. 5) This vent overlaps one corrugation of thef RP 
on each ^iHe of the vent to keep water out. On glazing slopes 
of 45° or' more, a four-inch overlap on the bottom edge, also 
is required; on scopes of 30-40°', a six-inch bottom overlap is 
needed. The vent 'should be flush with the roof when shut. 
On s ha Mow slopes (less than 30°), a "curb" should be used. 

A flush glazing vent can be only as large. as the srjace be?_^ . 



tweeh the rafters, unless provisions for a larger opening was 
made 'when the rafters we're designed 'and- built. Such a provi- 
sion 'involves omitting part of one rafter while maintaining 
support for the roof. ■ • . : . ,, ' 

Flexible neoprene or butyl rubber (available" f,rd'm roofing 
companies) should be used at the top joint as>a'f le-xible flash- 




FIGURE 8-5 Vwnt for corrugated T-K.P or corrugated sheet metal 

■''•■■.- ' t 
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ihg.Tf some reasonably. sun-resistant, flexible material is not 
available, you will have to build advent .using a curb (see sec-' 
tion t>n 'curbs). • '. , . ■■ ■ 

Note in Figure 8.5 that two piecfe^oLcbrrugated suppprt 
stripSiare used at the top of the' vent — one" to support the' 
xorrugated FRP and one inverted on top of -the -PR P.. to 

support t h ,e-_f\ exjpje jla s hjn g.^ JLoth-Su p p ar_Ls.tr i |)s sho u J d b e 

fastened with one set of screws through the outer support, 
the glazing,, the ianer support and into the wood of the vent 
frame, . ' 

Vents in glazed roofs with flat glazing 

(Figures 8,6- and 8,7) These vents protru'de above the roof's 
surface. The "curb" can be'built up by installing tall block-, 
ing between the rafters (Figure 8.6*8) or. by building the curb as 
a separate box on 'the ground" and then plating it on top of 
the rafters (Figure 8.713). The latlter method offers the. advan- 
tage of more precise work. The vent f rametari'ibe bvfilt, glazed^ 
and attached to the curb before installation on the roof. The .'. 
vent frarfie should be made of 2 X 2s unless you use a glazing 
such as Exoltte where the aluminum extrusion will. lend strength 
to the frame. In that case,'1 X 2s can be' used. Removable pin 
hinges will allow; you to take off the; glazed vent cover when 
installing "the curb, This vent can be used with any non- , 
breakable glazing. < ''..-• // '■..' " ~ ,. _ . 

Flasfiing should be installed on all sides of the curb> As illus- 
trated in Figure 8,8,; start with the bottom piecef then atta'cn 
'the: side pieces, /'and finally the top p.iece, In this way,, "the 
flashing pieces.will shed water properly. Be 'sure the roof glaz- 
ing.goes pn top of the flashing above the ve'ht and below 
the. flashing on the sides and bottom/ Caulking-or roofing tar,4 
on the corners also is needed to ft) 1- the. little cracks that are 
-left after attaching pieces of flashing together. If the vent is 
wider than four feet, water may not drain effectively, from : 
its upper side. Hence, the flashing.on the vent's top must be 
sloped to the corners, thereby permitting water !o drain of* 
around the vent. - ." r ~r-—- . 




FIGURE 8.6A Vent in glazed roof — using rafter blocking as- 
vent support (shown with flat FRP glazing) 




FIGURE 8.6B Detail for framing curb 
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FIGURE 8.9. Vent in hKt/osI w; 



Vent in glazed walls . ' 

(Figure T3-.9) The framing for this vent simply ! 'sits outside 
the wall framing^ Each vent can be up to eight feet long if 
the frames are well-made, and in some cases can be made to 
span the entire length of the greenhouse kneewall. Placed at: 
plant height, .these vents allow excellent ventilation when 
combined with roof vents. A sturdy 2 X 2 frame of good quality 
wood should .bemused. As for corner fastening details, see 
Chapter 7 on double-glazed plastic^covered frames, 

The metal flashing at the top should-allow the vent to open 
without interference. If thettbp of the^ vent is hinged on the. 
top plate of a kneewall, tljejoof glazing can* be made to over- 
hang enough to perform .th'elf lashing function. • 




This pit-type greenhouse-uses a -long ridge v.e'nt Ihuilt on a curb) 



I , .... ^(i . J ^u., n.~.. ..... ......... , v.. , D . ."o*. .~- -.- I" v- j 

with Styrotoam in each panel for insulation. I he entire kneewall 
swings open as well tb provide an excellent venting scheme. . 




SOLID ROOI VIMS 

(Figure 8.10 and 8.11) Vents' can be built into' the ri'brth- 
facing roof of a freestanding greenhouse or into a partially 
solid roof of an attached greenhouse. One advantage of solid 
roof "vents (vs, vents in glazed sections) is that no sunlight 
js blocked by vent frames and blocking. Also, in some situa- 
tions, solid r<Mif ve.'ils ran be placed closer to the green 
house peak, thereby improving the chimney effect for better 
ventilation, Solid vents tend to be quite- heavy, though, and 
therefore somewhat awkward. to open and close. ■ 

The insulation .in the vent should have about the same in- 
sulating value as the other solid roof portions. As mentioned 
previously, Styrofoam is a good insulation choice to withstand^ 



the repeated opening'' and closing. Building, a curb (and 
flashing) for a solid rooTvent is the same as for glazed vents. 
The vent c'c^ver should be built to fit inside the curb with at 
least '/«•" clearance all around to compensate for swelling in 
wet ueathet (1'ue and nail the-plywopd~to the co:wrVfrartie~ 
and be sure the screws and beqt strap hinge (in the curbed 
vent) are long enough to make a good, solid connection. 

The edge opposite the h:nged side needs to be tapered to 
allow the vent to open and close properly. On a 1 1>" vs ide 
vent, made of 2 x 4 'framing and hinged as shown, the under- 
side should be V/' shorterthan the opening. On a L'" wide 
vent of the same thickness, the underside should be '/»" shorter 
than the opening. Be sure that all .exppsed plywood edges are 
sealed, and. painted . : . ... - 
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SOI ID WALL VI: NT 

(Figure 8.1 2) Flush-mounted solid, wall vents are constructed 
like; flush solid roof vents, Weatherproof ing is achieved. by 
overlapping the siding of the building with the exterior sheath- 
ing of Ithe vent and by a "drip mold" above the v.enf ftFilf'' 
drip mold coLild.be replaced, by flashing). , Removable-pin 
.-hinges | will facilitate installation. With fairly thick weather— 
stripping at the* top, 'hinges need not be recessed into the 
frame or the vent-door. ^ M : 

OPENING AND CLOSING MECHANISMS 
("I I I: A I MOTORS',') 

All vents can be constructed to open and close manually 
orauT:^ni,:Hlcally/. Manual systems cap!|.be as simple as a pole' 
and slbfl.ed lioa'rd (Figure 8,1 3A) or alpulley system (Figure 
■8,14), (Dlher manual systems include somewhat. more soplw** 
ticated rack and pinion devices, or gear ,;ind chain drives which- 
often tan be recycled from old glass greenhouses, Automatic-, 
systenjis, on the other hand, range from the simplest nncf 
least expensive "heat motor" venj operators (Figure 8.1 30) to 
thermos I nticn lly-con Irol led , elec I ric mot ors d riven by gea rs 

'and chains, , ■'- ".-J....: "'; -j.. -: 

The "heat motor" is'actiyated'by an increase or decrease 



the 



temperature of its surroundings.- In its basic uirm. ;t is 



a cylinder with a piston inside attached to, a rod at one end. 
Insidelhe cylinder is a liquid that expands and contracts. As 
the aii" temperature a round' the cylinder increases', :t he liquid 
expand (its volume increases) and forces the piston rod put, 
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The other end of this piston rod is connected to a vent door — 
as the piston rod moves but, the vent is pushed open. When 
the cylinder cools down, the liquid contracts and J presuming 
the vent is mounted above the cylinder, the vveight.-of the 
vent; dooMorces the piston rod back into the cylinder, (bus 
'closing the vent. ' ( ; ' 




FIGURE 8.12 Exterior-opening vent in solid wall 
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FIGURE li.'KI Vi'nl op(MiiriK .Hid closing li^hniqge.s; A ..HinKwl 
polu, 1.1, Hual motor ' 





Different types. of heat motors are available. Some are"aBle 
to move greater weights than others, an.d some are more suit- 
able for mounting on vertical rather than sloping surfaces. 
However, "the more inexpensive heat motors 'are not very reli- , 
able,. They can only lift limited weights — 10 pounds or less. 
Without sufficient weight, a vent will not close tightly by 
itself 'once. opened,: In addition, inexpensive heat motors have 
been known to lose their, full action, that is they will not 
open up as far, after several months of operation. It is best 
to- check out the various product brochures before you buy 
(see Resource List). Better still, try-to fincj someone who is 
satisfied with a particular he<1t motor vent operator and see 
if it. meets your needs. Always check, with the. manufacturer 
for installation instructions and guarantee. ? 

For moving greater weights, say for a row of heavy ridge 
vents, a thermostatically-controlled electric motor can be 
used. The size of the motor will depend on the weight of the 
vents. BuUh^se motors can b„e quite expensive. Also, a reli- 
able electricity source is necessary, although, these systems 
should permit manual override. in. case- of an electrical failure. 

VI Nl OI'LNINC.S Willi IANS AND LOUVLRS 

If you choose to construct vents' with frames and louvers, 
you must be_ concerned with heat loss. The louvers, when 
closed, do no't totally block airflow. In addition, lightweight, 
louvers generally are made of metal, arid hence have negligi- 
ble resistance To~con.ductive heat flow. Thus, heat losses 
through fan housings can be great unless insulation is installed 
when the fans are- not in use. ■. — 



FIGURE 8.14 Pull.ey system for vents 
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One simple way to insulate fan-vents is to build an in- 
sulating vent cover. Genera 1 1 v.,' this cover will be mounted on'' 
the inside of the greenhouse^ as illustrated in Figure 8.15. 
Weatherstripping is essential, and a good Jatch is. required to 
hold the cover against I lie wall and compress the weal her 
stripping to minimize air leakage. The/fan's support frame is _ 
fitted inside the rough opening in the wall. This procedure re- 
quires; accurate fan measurements and some careful car- 
pentry. 

., If your fans are thermostatically controlled you will have to 
be very careful when you close the insulated hatch covers 
over the fan openings at night. The thermostat, located 
inside the greenhouse, activates the ftin whenever the interior 
air Temperature rises above the set point. If the insulated, 
cover is closed when the fan is activated, the fan Will be 
trying to suck air-through the insulated cover (operating use; 
lessly and in a mode that is harmful to its motor)-, ' 

One way around this potential problem is. to 'disconnect 
the fan from the thermostat when Ihe insulated venl cover is 
in the closed position. Another way is to' raise (he thermo 
staf .setting Tolls highest tqmp'eralure (if That temperature is 
well' above, the range encountered in a greenhouse). When, 
you want the fan on, open the insula I ed venl cover and re- 
duce'the, 'Thermostat setting to the desired temperature, Wlwn 
you want the fan. turned off, increase. the.seJLti n«_to. .thejnaxi^.:. 
mum temperature again; the fan will shut off and you can 
close the vent cover to prevent further heat loss. 

On the other hand, if you feel That your greenhouse will 
need venting on sunny winter days (as is often the case with 
freestanding gree'ihous}-,;, die thermostat must be opera- 
tional and set at some comfortable upper limit. In such a 
< ase, yon may wan! to close the insulated vent covers at 
nigh t only. T ha t way/the fan wTI f"be aBTeto operate effee lively 
when needed during the day. Some heat will be lost-through 
the uninsulated fan housing during the day, but that loss is 
„a small price to pay to avoid overheating and to know that 
, your plants are not going to cook inside the greenhouse. 

There is an underlying assumption we've made in talking 



about: using fans for ventilation: there has to be' an intake 
vent or. door, so that fresh air can enter the greenhouse 
vyhen 'The fan is operating. An air intake vent can be treated 
like a; fan. Automatic louvers and, screen should be placed 
over the air intake vent and an insulating cover should be 'in 
^)lace,.Wh'en it's not in use. ' • . " 
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FIGURE 8.15 Fan with automatic Ion vers and insula ting door* 



A rope and pulley system is 
used to opexpte the Insulated 
yent cover ih'the NCAT green- 
house. The louvers let air pass 
to the outside.automatically. 



«i Chapter 9: 

HEAT STORAGE 

AND BACKUP 



-p • ■ . . ' - 




, .'22 ' . ' ' ' ->''" ' ' \ : ' ■ \j •.. . •. ", ■ 

S'toririg solar heat fortnights' atid clpufiv , days is a. funcia- Trr 
'•mental feature of an energy{ef ficient passive solar green- 
house.' An effective heat storage System fs an irhportant ele-; ■ 
ment in-sol.a"P^reerihbu'5eTdesjgn;iikevyis§/a properly-slzexi^ 
back/up heater and n|ght m.^ " 
to a gjeenhouse's; overall efficiency. •..^. v '.^;<*i. 

■In this chapter, we diseuss the prop.sr Jocatjo/is ; and.'vari-" 
qustyp'es of heat storage, JrtciHde^'ar§-5jjg^t^-.?iuani'yties-. 
for the various heat -storage material's 1 as/related to green* 
; house design .and use. In addition,,Ave jey-ieCv' the need" foV 
backup heat and" the- variqus ■■sy$:ten4- : tbit -sati ffv -thi's - need • 
well. Finally, we will discuss -the valuable" contribution of 
night insulation in'operating a^olar greenhou-se effectively,. 
" :■/ :■".•'"■ - ' ■'- „ - ■ -"i 

HI -AI STORAGE • . - - - 

- ,V '■ ', ' " ', : , ■■:;.■;;'-""'.■• -■' ..'." , , .' 

.<-, Some 'kind of heat storage medium -"water, rocks, /dirt, ./„; ' 

etc, — is' needed in^ a .solar ,greenlTOuse\,'t.o 'store ^xcess- solar ' ° 

heat wheirit is available "On svinnv' t vvint^r day^,-a solar green- I 

house 'geiWrally'"Tecai*es. much more" s'olar 1 eriergy than is 

needed to, provide a warm living space and ; a ....suitable grow- 

. ing environment for plants. The hea-t'siofage medium absorbs, ,. 

. excess he\it, helping to keep the greenhouse cool during sun- y 

,ny days, anr! more importantly, it releases that heat during 

> •• the night and cloudy periods. / , 

■Heat storage requirement'; relate directly to how the green-- 

house is used. Climate conditions and whether thejreenhouse , . 

is attached or .freestanding, ai'so' ate. '.Significant. For low- ' 

..cost greenhouses enough-storageTorlOO percent solar heating . 

. is'too costly and takes, up too much space. Generally heat 

• ^storage should' be designed to provide about one cold day's 

heat requirement, That is^ v i,f the storage has been warmed; 

•up during a sunny period it should provide most of the-green- :. 

" house's heat heeds for' the succeeding day, During prolonged 

. cloudy periods (more than one day) the backup heating'system " . 

.. will probably beT^qtiireci J at night to keep the greenhouse 

vyarm enough for plant growth. - , ' . - 

Location for Storage 

Heat storage is mos'buseful, when it sits directly in the sun- 
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light. Heat absorptipn by direct radiation, a form of "passive" 
heat storage, is efficient and economical as^well as simple to 

•build, use and maintain. Excess heat a/lso can be forced (with 
fans and blowers) to a storage medium located entirely out 

.of direct sunlight, When needed, the'stored he'at is pumped 
back to the greenhouse. But such an "active" system is more 
costly and mope complex than passive systems,, and therefore 
is not; discussed in this manual, 

Goad locations for passive heat storage are directly. behind 
the sotitlVfacing glazing and stacked' up against the north 
wall, wh^reSWinter sunlight will shine directly on the storage; 
At least hall of the heat storage in the greenhouse should"be J 

-exposed to direct sun lor at least hall of the day in th'e winter.'' 
All the hti'at storage should have- some flee air-space around 
it, so thai when heat releases 'on cold winter nights, the 

'warmed air adjacent to the stooge medium will circulate 
freely to cooler areas- in the greefHiouse, 1 1 is particularly •• 
important,,tp maintain air flows around heat storage that is 
exposed to very little sunlight. For example, if some of your 
heat storage is under the planting beds, leave air-spaces be- 
tween the storage and beds as well as between the -storage 
and the f loontofacilitate-§ir movement. Benches tha : t cover 
heat storagevsljouTfTTsenfliide^ sla,fs, heavy screen or 

other open construction. ' : — i- — ; 

Heat stora'ge that. is' located where it is exposed, to direct 
sun' for little, or -none of the day .is still useful, although not 
as useful as directly exposed storage. Warmed a]r moved, 
about by natural convection or by circulating fans will vv.nnri 
up such storage somewhat, contributing to the overall heat 
storage, Storage^ heated indirectly will bti most useful when 
the greenhouse is very'cold, because the temperature differ- 
ence between the'st.orage and the air will be large p>ough to 
cause' significant heat transfer from the storage to the sur- 
rounding air. 

There are various' types of heat storages-lie most common 
,: are rock- water, masonry and soil. Generally, the various types 
are combined; for example, water b.arrels, a brick footpath, 
and.deep soil beds. Sinceywater storage is perhaps the' easiest 




A .screen bench over heat 
storage.containers I recycled 
Navy Sonar-Buoy containersr 
lets warm air circulate more 
Ireely to cooler areas in the 
greenhouse. 



to handle and the cheapest irrmost situations, we will discuss 
it first. ' 1 ,. V ' 
Water Storage" 

Water is'the.most compact, low-cost heat storage It stores 
one Btu oTfieaTT7eTTTOTrTTd--per-c^ 

ature rise^-about':three times the heat storage capacity of 
rock or masonry,,, and two to' : four times that of moist soil. 
Water storage in a passive solar greenhouse may rise 10°|- on 

a sunny day. ~ r~' 

Almost' any container can be used to hold the water. You 
should use whatever js available at the lowest cost. Fifty-five- 
gallon oil or chemical drums have beeotrre the most commonly 
used containers ,f/or water storage. Trhe.^ are usually easy to 
find, relatively cheap (used dr.ums cost-S3 t© $10-each), easy 
to handle and. ;fiU, and strong 'enough to support beds or 
benches. To some people, an oil drum in a solar greenhouse 
is an interesting symbol, of the transition from oil to solar 
energy. Oil dealers, car dealers and, in large cities, drum- 
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FIGURE 9.T. Technique for slocking, recycled drums 



reprocessing plants ace^all good sources for drums. If at all 
possible, get drums that' still have the plugs* or "bungs." 
Smaller 35,-gallon oil or grease drunks can sopiet'imes be found. 
They fit nicely in tight places and can .be. quite useful. 

The main problem with 55-gallori drums is rust. If you are 
not going to drain the drums in winter, a rust inhibitor must 
be used in the water. The^inihibitor can be bought from 
^ometoprks in Albuquerque, New Mexico (see Resource.List), 
or from plumbing suppliers, -A smalj quantity of the Zome- 
works inhibitor is' required — about three" ounces of powd,er 
for a 55-gallon drum. Anofher :ire< au'.ion against rust is to add 
a quarter cup''or so of old/oil a.fter the driinv is filled vvith , 
water. This -oil film on top stows water evaporation and lowers 
the water's oxygen' .c patent, thereby retarding rust. If the 
drums formerly cont/ffnect motor oil, leave the res[cj#e in 
them. But if^ the drums contained an unknown or toxic chem- 
ical, rinse them out with a small amount of kerosene. Be sure' 



to dump the kerosene'sornewhere safe, and then rtfise the 
drum again with water. Finally, when yoirplac'e the drums in- 
the greenhouse, put scrap wood, old bricks or something else i 
under them so'that ground moisture doesn't rust the drums j 
from the outside (Figure 9.1), A fresh coat of paint also will 
increase a drum's lifespan. ■ 

Drums s h cu.i I d be placed and stacked securely before -fill- 
ing— when full, each weighs about 450 pounds. Leave an j 
inch of air in the top and the bung s lightly^ loose (on. barrels/ 
standing straight) to accommodate water expansion and con-J 
traction. Add the rust inhibitor before filling — it will mix well 
with the water as the drum is filled, . " v / 

Srjialler containers can provide satisfactory storage as well, 
especially in spaces not exposed to direct sunlight, Jn fac/t, 
smaller containers transfer heat (by convection) more eiii 
ciently than th.e larger drums, Smaller containers 'expose 
more surface area to the air, in relation to the amount/of 
water in them — as air moves across these surfaces, it picks 
up heat more effectively, ' „ / 

■ Five-gallon hoViey or frying-oil cans can sometimes be ob- 
tained, from food stores or fast-food restaurants. Easy to 
wash and handle, smalLcontainers are not as strong as drums 
and cannot be used as bed or bench supports. Stacks of /oil or 
honey cans should be secured to the wall so they don/t fall. 
Cleaning and rust-proofing procedures are the same, as/for oil 
drums, but these cans also require priming and painting. Wipe 
the surface off with paint thinner before priming. Check with 
your paint dealer for a primer that is compatible with the 
plating on the cans. . „ !.< 7 

Any darkish color is fine for painting heat-s towage con- 
tainers. The differeifce in heat _absorf)tio.n_by^iffe.ren't colors — 
'as long as the colors are not very light— is too little to bother 
with. Some-people use".blue, or red because they reflect a part 
of the'spectrum that plants need for flowering an/d fruiting. If 
summer light levels in the rear of the'greenhouse a're too low- 
indicated by the plants, leaning toward the glazing — light- 
colored paper or cloth can be draped pver the rear heat-storage 
barrels or cans to reflect more light onto the plants. 
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Even smaller water containers, such as gallon jugs, two- 
liter sodar.bottles, or cans also are fine to use. Don't use glass 
containers, though, because they will break if the water 
freezes, plastic jugs can take freezing without damage. These 
smaller containers do require shelves or some other place- 
ment structure. Stack them so that air can move around them 
if possible. More effort goes into installing these small con- 
tainers, but their easy availability may make them worth the 
trouble. Small containers make heat-storage areas out of 
otherwiselunusable nooks and corners in the greenhouse 

Water freezing should not be a problem if you have enough 
heal storage and If the greenhouse is airtight Since water 
releases a tremendous amount of heat as it changes Irom a 
Jiquid to a solid, the air temperature must stay below freez- 
ing lor quite some lime before '.lie water'will freeze solid 
Usually, no damage is done Id containers until the whole mass 
freezes and expands. Larger containers have the advantage 
of losing heal more slowly and hence being le'ss prone to 
freezing solid. Anli-freeze is loo expensive for the large 
volume of water in even a small greenhouse 

1,1,1 cold climates, if you am. only using the greenhouse loba 
extending the growing season'ancl not using it in'the winter, 
consider draining the water in the cold months; 

Jn attached greenhouses, some'heat from the mam house 
can be released into the .-greenhouse at night to keep tem- 
peratures above freezing, A back-up heater in the greenhouse, 
too,\ will alvyays bail. you out and keep the storage from freez- 
ing, The amount of time and money that backup heating can 
save! you — both in burst containers and Irozen crops— is 
well worth the cost. But if your greenhouse uses more back- 
up heal, than you can afford, then it rrfey -not be, worth the 
expense to operate the greenhouse in tyinter 

Masonry / i 

. Masonry stores about one-third as much heat as the same 
volume .of water and, generally, is fairly expensive to- install / 
Solid/dense concrete blockjnot cinder blocks), denfJe bricks,/ 




Gallon fugs pla'cep in tight corners and under growing beds 
increase a greenhouse's heat storage capacity 



c'oncrete or stone walls a. 1 1 are good heat stores-' AdoBe^also 
is^good, although it does not hold as much heat as the morel 
dense materials. Costs will vary, so check local prices 

Although it is expensive, masonry is a : good heat storage 
because it doesn't freeze. It is discussed here because there 
are many adobe, stone, concrete-block, concrete and bnck'- 
clad houses to which greenhouses- may be attached. In such 
cases, masonry storage may be an appropriate option. Use 
Table 9.1 to determine what portion of the suggested heat 
storage 'can be supplied by the volume of masonry contained 



ATTACHED 
v GREENHOUSES 



FREESTANDING 
GREENHOUSES 



For Season Extension 



COLD 



TEMPERATE 



WARM 
COLD 



TEMPERATE 



WARM. 




MASONRY 

ft 3 /ft 2 glazing 



The 'quantities are expressed in terms 
of gallons ofwater or cubic'feet of 
masonry per square foot of glazing 
area, since the glazing, is the main • 
area of heat loss, and of course, heat 
gain; ; - ■•■■■.'.. , 

"Season. Extension" means that the 
greenhouse is not used for growing 
during the coldest winter months; 

"Cold" climate means that winters are 
longer than the summers; "temperate" 
•means equal summer and winter; 
"warm" means that freezing only 
occurs during two or three months. 



5/6 



For,Year-Round Growing 



WATER 

gallons/ft 2 glazing 



MASONRY 

ft 3 /.ft^glazing 



1 1/3 



2/3 
1/3 

5/6 
2/3 



. Masonry is assumed to be of moderate 
to high density, such as stone, 
concrete or heavy bricks; masonry is . 
also assumed to be eight inches or 
less in\ thickness; 

Chart assumes at' least half the 
storage is exposed to direct sunlight . ". 
lor at least half the day, 

Chart assumes that the greenhouse is 
insulated (as suggested in this manual^, 
tightly built, and double glazed, except" 
in warm climates. , 



2/3 



■12/3 



1 1/3 



TABLE, 9.1 Suggested quantities of: heat storage materials, for passive soTar greenhouses 



in the greenhouse. In colder climates, some water containers" 
will probably have to be folded to the greenhouse if there is 
not enough masonry. : 

Crushed Rock or Ri,ver Rock ^ 

■ '" 'Many people have put one, two or even three feet of rock 
on the. floor of their greenhouse to act as heat s.torage. But 
unless air is blown through the rocks, only the'top few°inches " 
are useful storage. Individual rocks touch each other only at 
a few. small points and very little heat is. transferred by con- .'• 
duction from one rock to the next, above or below. Also, 
warm air rises, and as tfhe upper rock layers warm up, the 
resulting warmed air does not move down to warm. the lower 
rock layers. 

Fans or blowers, and the associated ductwork and controls, 
are necessary to. force the warm-' air around the rocks. Such * 
an active storage system can be sho.w.n f'o be cost-effective, 
but the .initial installation expense, tends to be rather high. 
Fof this reason; such systems are not considered in. this man- 
ual'. Nonetheless, under-f.loor heat storage, systems do save 
grejenhouse Nnace. - -\ 

Soil and Earth 

." "I he Jaeat storage capacity of a volume of soil in greenhouse,., 
growing beds is half to a quarter that of water, depending 
mostly on the soil's moisture content. Deep soil beds will in- 
crease the greenhouse's heat storage capacity and may con- 
tribute up to 20 percent of. the total storage. 0eep soil beds 
also minimize waterings and. provide mure root space for . 
your crops ... ■ . '>■-"" 

I he earth floor within the greenhouse's insulated perimeter 
also functions as heat storage. Since the floor generally sees " 
.very little sunlight, and since warm air tends to rise, rela- 
tively little heat is stored or released by tin* floor compared 
to sun-exposed water storage. One advantage, earth , has oyer 
a crushed rock floor is the ability to conduct heat downward, 
particularly if the' earth is moist and compacted. Should the 
greenhouse get quite cold, the heat stored in the floor will 
tend to warm the greenhouse a b'ij. '■' .. . . ' " 



How Much Storage Is Enou'gh? 

A key tradeoff in a passive solar greenhouse is between 
more storage— hence les.s backup heating — and more growing 
space. The storage quantities,) suggested in Table -0 .1 are a 
compromise between these two factors. But you need to 
evaluate your particular situation before you make a decision 
For example, if backup heat'is quite expensive, you may wish 
to increase the quantity of heat storage. On the other hand, 
if food production is the main purpose of the, 'greenhouse, 
you may wish to increase the planting area and thereby-mini- 
mize storage [.4 ^ 

An attached greenhouse needs less heat storage -than a 
freestanding greenhouse, sih«e excess heat 'captured' by the 
greerihoi\se during the day can be vented and" .used in the 
hoimj instead of absorbed in storage. Also, if the greenhouse 
is, no| used lor growing plants during mid-winter, Jess 'heat 
storage is required.. W-ith less storage, there is more growing 
spacrj, and the extra growing spaei' can result in increased 
yields, during spring, summer and tall I ) i !,• • to higher light 
levelsj and warmer temperatures, the greenhouse is more pro- 
ductive during these three seasons, than in winter, anyway 
rhus.^you may obtain greater total annual yields without, a 
..wiiitefcicxop- and. with lessi.storage,' But again, the storage 
decision must be evaluated carefully. Produce is more expen- 
sive in -the winter than summer.: Thus, food '■needs and gar- 
dening habits must be balanced against monetary benefits. 

The following, assumptions have been made' regarding the 
heat storage quantities for passive-solar greenhouses suggested 
in Table 9.1: Some backupjheat will be needed, although not 
a'-lot; the "greenhouse is tightly built— no big cracks ailow- 
•ing infiltration; the walls and foundation are insulated; there 
is double glazing (except in climates where freezing seldom 
occurs]; There is no .night 'insulation for the glazing; half or 
more of the heat storage is exposed to direct sunlight for at 
least half the day; and there is additional beat storage in 
some soil beds. The use of fight .insulation decreases the need 
fqr-'heat storage. But we suggest that you use enough storage 
to keep the -greenhouse wa'im ever, without glazing insulation, 
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tq compensate for those inevitable night's when you forget to 
close, the .curtain. Using the suggested heat storage quantities" 

). in Table 9.1 'plus night insujation, then, will decrease backup 
heat use and Increase an attached greenhouse's heat contri- 
bution to '.he main house. ( ; . 

! Remember, Table 9.1 represented approximate rules v of 
thumb — storage s.hou Id be added or. removed as needed. An 

! indication of needing more storage is excessively high. tem- 
peratures (approaching 85°F) in the greenhouse during a cold, 
sunny day accompanied by low interior temperatures (ap- 
proaching freezing) at night. But be sure to monitor both day 

, and nighttime temperatures closely.* Excessive daytime tem- 
peratures' accompanied by adequate night temperatures often 
indicates a problem with ventilation rather than storage. 



A dependable backup heating system is just about essen- 
tial for a solar gfeenhduse.. Even if you are designing .the 
greenhouse to be 100 percent splar'h|\>tecl — an expensive op- 
tion which, is not covered "in. this,, manual — a backup heater 
is good, insurance for those longAv'cold, cloudy periods. The 
backup heat must cornplement the design of the, greenhouse 
as well-is the lifestyles-of the owners. A manually controlled 
wood heater may be the cheapest solution in some cases, 
but it requires .careful attention during cold weather. Addi- 
tionally you must ensure that the greenhouse is airtight When- 
evencostly backup Ijiaat is used. Many operators caulk or 
lapetall the vents closedduri.ng the coldest part "of winter, 
. Given the hen I: /Storage quantities suggested in .Table 9,1, 
backup heat will be heeded frequently: '-during nTid-wtrtter- 
and occasionally during the spring and fall. Backup heaters 
also are used' by many growers in the spring, 1 directly under 
wire-screen shelves to speed seedling germination. /. <- -.— 

Almost any type.of b.ackup heat will work irj-. the greeiv 
house — you should usjg whatever is. most available. The oper- 
ational tasks will vary for each-type, though, .so make your 
decision accordingly. Backup heaters with thermostats, have 



a distinct advantage over those without thermostats. Besides 
saving fuel, a thermostat makes backup heating somewhat 
automatic. The greenhousecan be left unattended during cold 
periods if a thermostat is set to turn on the heater when the 
interior temperature sdrops too low, GeneraJ^', the coldest • 
periods of the day occur just before dawn, when it is .the 
least convenient to. get out of bed and turn' on a' heater Of 
course, heaters without thermostat controls cari^e left on a 
low setting all nightlf you think-the early rooming hour^s are' 
going to be cold. But such a system involves. guesswork, wor- 
rying, and. probably occasional mistakes in using too little *o r 
too much backup heat- 1 n any case, a thermostat is a definite 
necessity if y'bu plan to bf away from the greenhouse for 
: more than a day during early spring, late fall or winter, •' 
If you ch'dqse \o use the main building's- hea'ting system 
to supply backup heat to an attached greenhouse, you must 
remember to open doqrs, windows or vents 'between the 
house -and the greenhouse. You must decide eac/h night if then 1 
is a chance that the greenhouse temperature will drop to the 
minimum temperature you wish to maintain and open vents 
accordingly. Only experience will fell you 'how far to open 
the .windows, vents or doors in order to keep the greenhouse 
at a reasonable tempera tun* Also,_ you must make sure the 
house's heating system is capable of handling the extra load 
of the greenhouse. If the house heater cannot keep the rooms 
adjacent tb't-he greenhouse very warm, chances are-it will not 
be able, to heat the'greenhouse. : ' 
; Tluis, the appropriate backup:heat system for/your green- 
house is a function of. availability, expense, ahd personal 
coiTvmitment. Make sure the. system you employ Is consistent- 
with what you can afford and manage well. j 



Wood Heal Backup 

I n some rural - areas,, wood is a Ipw-cosL-fuel that may be a 
—good backup heat source, A-small, airtight stove can heat rip 
to ! .000 square tee; of .greenhouse space. But,-a '.good-quality, 
'stove thai will :kej?.p a fire burning slowly throughout the night 
can be e.X'pensivp. : Ad.ditipnaIly, i himney. installation Vc cj s t s , 
' • 'ayai lability of wpod and -the inconvenience of tending to a 
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FlpURE ').2_Radiatioh shielding of. wood. heaters in greenhouses 



fire-must be weighed in the decision to use wood as the back- 
up heat sourc'f.' : ' ' 
1 The stove arid, stovepipe should beat least '-'three feet from 
plants"trj avoi*burning, the : leaves, -This, distance .can be cut 
jn ha.lf if the stave and "pipe are Shielded from, the plants with 
slice: metal, bricks, aluminum fo.il, or other non-f lammaWe ' 
' r$ateria|.[Figure.9.2). Also, all chimneys must be vented to the 
outside of a greenhouse.-becadse , np matter wrilch fuel you 
are using (wood, keroserje, fuel oil, gas or propane), "the carbon 
monoxide and other toxic-chemicals released by incomplete 
' combus|i6rucari:-harm the-plants or people inside the'green- 
•holise: Venting. the noxious gases out is "partjcularly'impqj.tant; 
for attached greenhouses where they might otherwise Tin.d 
their way into the. home, . » ■ f, ;''*'■.. " ; ". ' '- 
I he dec ision to use wood ht\U is a major cmo I he option 
'may be practical in term's. of actt/akfuef costs, but it 'may also 
_be: expensive in,terms of the personal, Unfe eommittnent, 



IS WOOD CHEAPER THAN OIL? 



rule of thumb, of teYi used to answer this question is: 
Dollars- pe.r cord equals cents per gallon.' For example': 
If'a cord of hardwood costs. $75 and oil. is 75<t/gallon, 
the. heat from the two sources cosrs about the same" If 
a tord' pp4t.s\$55 and 'a* gallon fuel oil costs 80?, wood 
heat is cheaper. On'-the.o'ther hand, 'if a cbrd costs $100, 
and fuel oil is flOf/gallon, fuel-oil heja't is. cheaper, Jn any. 
case, the decision between the two should be based, as. 
well; on installation costs, convenience and fuel avail- 
ability. '.''"'.'■•. ' . ' ■-.■,« '■ 

Also, note that softwoods have about two-thirds the 
-bea t#ftpa'eity-ef- Iwdwoeds- pe ^«OKl,--T43e^f h pro;iila -above- 
assumes a BO percent.ef ficient oil burner and a 50 p"er- 
*cent efficient wood.stove. - ; '■ 
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ElectricfSackup Heat 

^ * .':Q3w:installation costs' and. easy, automatic operation make 
" e I e c t r i c , h e a te r s a, -e o m m o h ■ c h qi c e *:a ■ m o n g g r e e n h b u s e, o w n e r s . 
E lee tri c: heaters .of-teji are used "in attached greenhouses on 
very cold nights to.supplement heat vented from the house. 
J'Jhe main disadvantage are the'high cost of electricity in 
most areas, and the problems associated with increased eLec- 
^ri'city us'e m general. Nonetheless, if the greenhouse is vvell- 
desi'gned arid built, little electricity will be needed. , 
' Most electric heaters have built-in thermostats, <or in ex'-, 
pensive^themostat's can be brought 'from; electrical supply 
houses for about ten dolla.rs Table 9,2 will help you choose 
the right size electric- beater for your greenhouse. The table 
assumes th.it the greenhouse is airtight and was built ac- 



cording to the insulation, glazing' and- heat storage details, 
sCfggested in this manual. For -attache^) ..greenhouses,' in par- 
ticular, . the chart assumes that vents between the bouse 
and the greenhouse are closed and that no night insulation 
.for glazing is used. The location of an electric (or any other) 
•Ijackup heater is not critical if a kin is used. Electric heaters 
withowt fans are not recommended. Locate the heater as cen- 
tral ly .as is convenient. If the heater ends up in a- corner, 
that shouldn't be a problem unless your greenhouse has 
many air leaks. The sizeoof the heateir, as with heat storage 
quantity, relates to-the area of greenhouse glazing, due to 
the fact that the glazing is the major area of heat loss. The 
tible gives the minimum number of watts of electric heat 
' rfeecled per square foot 6f greenhouse glazing. 

— — — 



FREE-STANDING 



COLD CLIMATE 



TEMPERATE 



WARM CLIMATE 



FOR SEASON EXTENSION 



10W 

Bw. 

6W 



FOR YEAR-ROUND GROWING 



12W 
10 W. 

6W' 



ATTACHED 



EXAMPLE A': 



COLD CLIMATE 



Temperate 



8W 



.warm climate. 



A lie'eslartding greenhouse with 200 sq. It, ol 
glazing irya cold climate; = 

IJT'or season extension '- ,200 X 10W - 
.-" 200'OW healej,. - ■• . 



6W 



5W 



EXAMPLE B: 



10W 



8W 



5W 



"An attached greenhouse with 100 sq. ft. of 
glazing ira'-a.temperate .climate: 

1) For season extension - 100 X 6W '= 600W 
heater. » ■ 



2) For year-round growing 
2400W healer'.,-. 



200 X1 2W = 



2) For year-round growing 
• 800WJieate+-*^-- - 



100-x aw 



■• TABLE Minimum capacity. of electric healers lor passiveTolar greenhouses 
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Othor.:Bacluip Heaters 

(iiis, propane," lor- kerosene- healers .ilso j 1 1 ay be used m 
greenhouses, Tln.> Inaiii advantage (if these l/issiV fuels are thai 
; 1 1 10 V jf5*^=M ( i. t, < 1 1 ! y ■ i njv <. I id'H per than cleclru ity and easier lo han- 
die 1 1 i.i ii wood/ The niain [lis;i(ly.:m.l«i|,;c lis thai .lltey. all re 
f H i i i ( • ( 1 1 1 1 n i ii • ys_ 1 1 i veil I the eonibusion gases on I H I lie green 
In n.se Also/ lie.i.lcVs iimiii; iheso hieis generally do not have 
iheimuslais . ■ ' f ' , •< • • 

i ii determine liic i apai :ly needed lor a gas. or oil.-bu'rning 
.stove, tis'i; (lie (Te< trie boa lei sbdng eharl (Table *).2). Because 
,, gaS and oil liea| is e^ressed'iri Itlu's pel hour, you need in 
"translate 1 1 jt • ,i | >[ >i <>| ji i. : 1 1 ■ w ,;.i ; | 1. 1 k< ' number (from Table ( i .') mlo 
Hlir. Approximately 1 •! IJtn/iii are equivalent lo one wail, so 
you need; lo multiply I lii' niiinbei lioir the (hart lli.il Ills 
yoiu gi \hoie,e hy 1 T ( . '. 

In addilion, the ofhfiency ol die he.iiei must be considered, 
. since some olj lliis/neat ).,',( n's up llie chimney lossil luel 
1111111111)', healers ■ijfcw Miiir lioni 'fll lo 70 |>en i mi I 'ell if ion! 
II you don't k(\ow 1 1 if efficiency ol your. healer, assume i| lo 
bo f)() m'rn:oJj..~Miusv'-h?i'l f *-l he', fuel's hea.l value goes up die 
(:ll'ininev,...vyhi|:l*iii( , .'iris. lhal llie rapacity of l In- f i irl I mi rn i| 
, he.iiei Toi yoi^'i I'.ieenho.i'.e should 1)0 double that ol die 
••oleclrk: he* 

j l or example, lei's say t li.it you have a I leesi.iniiini: giren 
Ionise wilh 2|)0 sq. II. ol glaring, dial yofi plan lo use il year 
I,,,.,,: a. , (fcid i Innate, and dial you want lo install a gas 
le.ilei should have ,f capac ity ol at lcasi^ft>*VO 
12 X 1/4 X 2), (Cla/ing is 200 sq It ; ,12 is llie nurii 
required per sq. ft, (if glazing, I here are i -I Rtu/ 
2 Tllu oi gas must lie binned to deliver I Htu ol 




ri'iund in 
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/\ mii.i// eli'i ./;/( /ii',ai>( ( he 
u'sei/ wliiitrXul.it /iim/ '.-fufi'i/ // 
f/j^;-if7T/ei-/j,iifi'/.', i'i dvplvlvU. 



r NK.H I INSIJI A1ION 

Nhghl instrlalron in used in many s6l.ir greenhouses lo.eiit 
heat loss through (he, glazing. .11 reduces .bacT<4r|^heal bills 
soniewh.il and, lor attached gmenhousos, cvin increase llie 
ani'ounl ok heat delivered lo the inain hoi'ise ../ 

- ()n the other h.md, -night insulation requires evening. and 
morning operation • a time . ominilnienl front the greenhouse 
owner In addition, night insulation may take up space' that' 
'otherwise would be used lor growing; and iii the case ol roll* 
• up. i urlains, the insulation may reduced igh t/ a drtiiss ion during 
tlio rfay: Thus, Unless a system c.in be installed at a low 
i;os(, backup I uel savings I mm iiighr insula lion cnaynol jus- 
tily its i osi , . ■ / ■/ - 

A very simple and inexpensive alternaiiye is (o insulate 
lite i.ndivjdual bods instead ol -die entire 1 greenhouse! Small 
plants can lie fevered. With an old sheeivTarp, or blanker, I his 
method is particularly olloelive if there, is ^ttral storage un- 
der the beil, oi bench and the covO/i /is Iftrg^'f^rioiighr to 
(ivei l,i|i lh.it, heal storage A sirnple vvijpfldjylbio (I igrire 'J 3) 
also can bev used, made ;o j JLHui-WWr) -^hfefts,' ' to .ii void shark 
ing-ihe plants Instead oka wood /rarno, a-wiro attached 
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firmly to the greenhouse walls can: be strung over t(ie beds to 
support a blanket. Seedlings can be kept warmer this way 
even if the greenhouse is maintaining adequate temperatures, 
j Another low-cost insulation scheme is to use Styrofoam . 
sheets -directly! against the inside of the glazing (Figure 9.4} 
Zomeworks (see Resource List) sells inexpensive magnetic 
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FIGURE 9.4 three methods of installing night insulating panels 
in greenhouse v ■ " . ' 



clips^fade name.jNightw^ll, about 30<f each — to hold the 
sheets in place. One clip is, needed for every*18 inches of 
Styrofoam perimeter. Two-irich Styrofoam can' be used and 
isi relatively inexpensive as well — about 30? per square foot. 

■ The advantage of placing the irtsulation dirg|§ly next: to 
the glazing is that there is no room for hej^tobbing air 
movement between the glazing and the insulation", The clips 
can't bei'use'd with plastic films, but are suitable, on glass and 
rigid plastic glazings. Jf your inner 'glazjng is ; polyethylene, 

'.lie (Tips can be attached to the edge of the batten- that 

holds the polyethylene in place, but onlv if tjie surface of 
the batten is smooth. This installation (clips, on battens) does 
not provide quite <\s good insulation,; though," since there is 
an air gap'between the insulation and the glazing. .V 

Onerconsideration with al^ - rfglcrrem6va"5le' insulatio'n..,is ' 
storage. The pieces must' be stacked somewhere convenient; 
when ithey are not jp- use, such as under a bench. With the 
-■^N%hl^-aH^}ipsr4arj^-S-h'roft«>m^heets-ran;'be used — as large 
"~. as the spaces between glazing supports, But larger pieces are 
more awkward to handje and store, particularly if the green- 
house is filled with vegetation. ■ 

Another corjeern- with the Styrofoam is that it is rather 
delicate— the corners lend to flake off and pieces break 
easily. Covering the edges and corners with a sturdy 'tape will 
alleviate the flaking somewhat. • .. 

A third night insulation scheme is curtains (Figure 9. 5). Roll- 
up curtains for the inside of the glazing can be made using 
' two layers of water-proof fabric with garment or quilt-type 
insulation in. between. /These curtains are expensive,' relative 
to the schemes outlined above,, but are more convenient to 
operate. 

A roll-up curtain built .at NCAT cost $1 per square foot 
(materials only for' a 186 ft. glazed area), using vinyl-coated 
nylon fabrics (Duratuff.made by Curacote Corp.) and Polar- 
giiard insula.tion (a continuous filament polyester garment in- 
sulati'on made by Celanese Fibers Corp.). This curtain was 
found to cut backup heat used in the NCAT greenhouse by 



FtGURE 9.5 Insuliiling curtain for NCAT greenhouse 



.10 pen cni But, sin.ce so little b.u kiip' heal was used in this 
extremely Iheal-conservin^ (reeslancljng greenhouse, total 
savings only amounted "to $20 .. for 'the, year, A paper out- 
lining the curtain construction and detailing the' experiment 
and results is available from "NCAT (Comparison of NCAT 
Passive Solnr Greenlio use Per Cor mil net? 1 W i th *i nd Wi t hou t*«iv 



Night-lnsuLitin K 'Curt.»in. *0 ■)(), NCA'I, P.O Rox WW. Unite, 

Montana 59701. „ ' 

There are several commercially-made insulating, curtains, 
and shades on the markej, but since they tend to be rather 
expensive — from $3 to $6 per square foot — they are not cJ t s - 
cussed in this manual. 



135 



DOMESTIC HOT WATER PREHEATING IN ATTACHED GREENHOUSES 



. A simple solar hot water Tighter may be added to the.- 
greenhouse by running the cold water supply for your 
existing TioVwater^heater through a preheat tank that 

"sits in the - greenhouse sun. Such an installation re- 
quires some experience with plumbing', but is fairly easy 
and simple. The greenhouse provides the "glazing" for 
this tank, and heat. storage keeps it from -freezing. If 
the greenhouse is. not used during the winter, theipreheat 
portion of the system can be drained. ° • 

As always, conservation measures should be taken be T 
fore installing" any kind of, solar system; Insulate 1 your 
conventional hoi water tank and pipes Set I he tempera- 
ture on the healer to approximately '\'l0 o \:~ few house- 
hbld uses require hotter water. Then, nncj olaly then, add 
a solar prebealer '".'■•- • 

, Us'cf a good quality,' 30-50 gallon tank, such as a glass- 
lined or galvanized one. Be sure to use di-»lectrie fitr 
lings between copper and galvanized metal to avoid 
corrosion, Mou^the'' greenhouse preheat lank on or. next 
tq the warm housewall to help protect the lank from 

-freezing. Choose a spot In the greenhouse that sees 'direct 
sun a-ll year (Figure 9.6). . j j " 

Cqlc water is introduced into the bottom of the pre-" 
heat tank. The solar-heated hot water is drawn " -off— the 
top an:l routed into the cold water supply-ofor your con- 
venlio nil hot water .heater, Mounting the preheat tank 
vertically w ; ill assist in separating the hot Water from the 
cold. SlPtitifefation (the separating of hot and cold water) 
occurs simply because -the hot wafer is lighter than the 
colcl."' I j a vertical lank, the turbulance caused by intro- 
ducing more cold waler (when you use hot water m'th«. 
housej is localized in the bottom. With horizontal tanks, 
cold water mixing seems to take place throughout a 
greatei volume of water. When the cold and hot water 




FIGURE 9.6 Greenhouse preheat tank lor domestic hot water use 
" if- 

mix, the preheater's efficiency decreases because warm 
instead of hot water is drawn off. The existing hot water 
heater -then uses more'energy to boost the water to a. 
usable- temperature. Another heat-saying* step is to in- 
sulate the hoi water outlet 'of the preheat '.'tank '-all the 
Way. to. the existing hot water heater. Also, in cold cli- 
mates, an additional layer ef glazing — perhaps eyen two- 
over, the.tank will increase,water temperatures and give, 
additional protection from freezing. 

A solar preheater also provides easy access to an in- 
expensive supply of warm water for plants. Gold water is 
a shock to plants and retards growth somewhat. In win- 
ter; sun-warmed water can be a great benef.it: ' 
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A-s a~ greenhouse grower,-ypu Avill be- interested inefficient, 
and convenient jalapf production^htrs^Us. necessary 
to design the various production details'.to •optimlze~pli|Tr 
grpVvt'hi.arid .to-.sajisfyyour in.diy-$ual 'needs as. we'll. "" , ' 
This chapter reviews some generalcaastfueti.on guidelines 
for beds, benches- and troughs; as.wellyas various "watering 
systems thaLare appropriate for greenhouses. While this re- 
view is not an exhaustive compilation orfre,\istin"g techifitiuesv', 
^the_irifo r,rnat fori should help you design WmporienTs that scat 
your needs well. • ' ' , 
' (A. helpful references on bther aspects of greenhouse oper-"' 
ation is Biological Management of . Passive Solar Greenhouses, 
a 16-page bibliography and resource, list, available for $.70 
fronvNCAT, P.O. Box 3838", Butte. Montana 59701 ) •'■- . : 

. ".y,: "°. • . - ' . .' \ ■ ' 

BI DS AND HI \( HI S ' ' . 

"The groyving area inside the greenhouse can be arranged. in 
many way's. You need to make the -appropriate tradeoffs-be* 
tween storage space, pathways and growing areas and then , 
design a suitable floor plan:- The most. Common planting ar- 
rafigements utilize benches, beds or troughs,, dr s'6Ve com- 
bination of the three, f _ 1 
• Benches' are used frequently by commercial producers for 
ornamental plant production,_and als'o can be used for start- 1 . 
ing seedlings. Plants placed on raised benches benefit from 
the .warmer air at that level'. The air is usually rolder at floor 
level. In addition, benches are very convenient when pots are . 
used for containers — pots can- be moved in and out quickly: 
On the other hand, pots are not suitable for growing most 
vegetables .because extra time for transplanting operations is 
required and, the space-Mqr "healthy rftot growth may not be 
adequate. For growing vegetables, beds and troughs are more 
suitable. * . . ' - 

Benches can beas'' simple -as\a few- scraps of wood, lying 
across the'lop of 'heat-storage barrel's, or they'cah be gobcP" 
looking-open tables.of 1X 2 wood nailed together— res'ting 
oh., top of the heat storage, or built with legs, I he bene lies 
should be of open construction, as shown in Figure 10.1. Thus, 
air can circulate easily around the plants, for their health a-n r ' 
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growth, and around die heal storage fo.jni ri\Vso t'he f low )f 
hua'^in and qui of storage. , ' ■ 

liods and, troughs ■ire (he most common systems '('or vcu-' 
elahle production in an organically managed greenhouse. A 
lied is simply a larHe...C;Ont-ainer'wil'h some k i rid 'of drainage. 
Usually, it is n/atle orvyqcxl and can sit eUlier .directly on' the 
greenhouse floor or pn a'.serie_s of legs "or. supports (Figure 10.2). 
Differc/nt grpwers hayji^liffereift preferences for bed design.. 
Some-p_e_oji^-;rrf-'c7)n:t>rtt''f9'burkl beds tbat hold only 8" lev 

-f2 Jt ~p7 soil .w'h'ilejplhfrs 'prefer deeper containers'. As" if general . 
rule, of '.Iran:!), t.hbtig-h, beds under organic iriiinageirfent i 

.should be ai (east : -iwo fecit deep and contain at least 20" of 
soil," plus a little sanclvmel gravel w'nderhealb for, drainage. 
This -depth allows ample room for root development. . ■_. s> 

•I I 'is almosl impossible t.ov provide for too miych drain 
age in a bed; more often, drainage is insufficient and prol> j 
lo'ivfs for tl,)e planjs and'tho grower arise. Inadequate drain 
age keep's ihe.-lower soil too wot and prevents the lower plant 
roots from - getting the oxygen, t.hey'- need:, (Old .gardeners', 
say that certain-plants don't likcvthe'ir ieet wet ) 
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FIGURE 10.2 ^.li-'c! planting bed 
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Drainage. can be provided by drilljng large holes— V\" — into 
the battpm bed boards at frequent (6"-) interval's, Because"they 
are so large, it is wise to c oxter these holes with- nylon screen- 
ing sp that sand,, gravel or "soil does not fall out. You can 
drill the holes in row's and stable strips of screening over each 
row. . ' ' ' * - 

If your bed lias, a slat bottonV you can simplyleaye spaces, 
between the bottom- boards, avid then screen over the hot 
torn. LcMve 1 /} " spaces betvveen\the boards, as they will swell 
when we I and tend to close Lip the spaces. , ■ 

A trough 'is a bed that is dug directly into the floor of the 
greenhouse (I igu:v It) V„ Unless the earth below the green- 
house is exceptionally well drained; some sort of drainage 
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must be provided in troughs, too: Some people construe I 
troughs by excavating dow.n about three feet; adding three or 
four inches of washed gravel on the bottom; hping' the side's' 
with boards bekfin place with 2 x 2s or other posts that e.x^ 1 
tend at least 6" -'above the level of the floor; onc^lhon filling 
the trough with a soil mixture. Concrete block's, bricks or 
stones also can be used , for edging the trough-bed. I roughs 
hold in the soil mixture to a certain extent but' al/o allow earth- - 
worms a-nd other soil organisms relatively iree access to the 
soil. Other people simply dig out a predetermined area and 
fill the hole with a soil mix. It is important to add yeur own 
soil :r ix.-evi-n if you are' building the greenhouse on lop of 
old garden soil. .- . . ■ , / _ 

f A trough system has the advantage of/giving more over- 
head space, but should not. be used'when the greenhouse 
glaring does not extend down to the ground or in areas where 
there are problem;. with#he native s6j/'(surh as mclals c6n- 
tamina|ion or destructive nematodt»sJ, 'in addition, some 
warmth-Joying- plants may' not survive ai floor [evel tlti'r- 
ing the winter in c old climates, The- trough wall next to the 
foundation should be insulatod'.f/bm t he frozen ground mil 
side if the foundation itself is not insulated to the trough's 
depth (Figure 10.3). Troughs bui'lt directly against Continuous 
foundations can utilize the foundation as one wall. ' ' 

Using a trough near the south glazing and a raised bed on 
the north side of the greenhouse is a good growing area com- 
bination: (Figure 10 Tall plants in the front trough won't 
shade crops in the, fear planting bed. Also.^ the excavation 
already done for the foundation wall will save some digging, 

PRESERVATIVES': Wherever wood co'mes in,.contact with 
moisture and rot-producing, soil organisms, it must be pre- 
served/and wood used in planting beds must be especially 
sate 1o plants. • .'''.. ■ • 

Most wood p/eserva lives are toxic to plants because they • 
contain phenojic compounds. There are a'few safe ones, in- 
cluding oil-base paints free of asphalt, mercury and lead; 
Varathane; and copper naphthanatc: Copper naphthanatc" 
actually kills some beneficial soil fungi and bacteria whei? it 
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This converted Iviassdchusetts greenhouse utilizes the old 
'concrete pbrch llpofand steps to provide an excellent mowing \ 
arrangement, I he Iqwet front beds and raised rear beds comp/e- 
ment incoming lii}l,U ellec'lively, > > 

is new, and aKo releases toxic fumes .is il dries II il is neces 
sciry to use this preservative, il would be safer to leave the 
treated 'beds hillside to weather for a few -months (Inn-" 
dentally, if you used copper naphthanate orwthe'greenhonse 
structure,' the perser.valive.shoiilcl.be applied long before the 
plants nre in.) I . " . 
/ Another way to protect 1 Vour beds is to line the sides with 
/plastic film, Use small scraps of, wood to attach the plastic 
Don't cover the bottonvef the bed this way because it will 
■ interfere 'with rlrainage'. '". . 

A third alternative is to use rot-resistant wood, such as 
cedar -or redwood. However, these wood types' are expen- ■ 
sive.ancl scarce natural reiources.in most parts of the United 
Sfates, . ' !' - 

WAll KIK(. 

As with other components, you/have several options, when 
selecting a water system. The range is wide, from the simplest 
hand methods to the more elaborate automated systems. 
Once again you must, determine and prioritize your needs 
and desires, as well asiconsider (the limiting factors in your 




FIGURE 10.4 Soil bed placed in Krfenhcws 



particular situation. Then you can determine which watering 
system will be best for your greenhouse. , 
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Limiting factors to consider include the type of ci;ops 
oeing produced, the size of your growing space, the climatic 
conditions of your environment, your personal lime allot- 
ment, cost, materials available and; maintenance require- ' 
ments. Obviously yoifmust set your own' priorities. Is time 

. more important to you than money? ' . 

Choice of crops and area of growing space are two. pri- 

- mary .considerations. Plants have differing water needs. Cer- 
tain plants do not take kindly Jo having their foilage wet 

< (violets;. gloxinias) and would obviously not do well with an 
overhead spray or mist system. Some combinations of plants 
cannot'be grown under the same conditions. using a system 
which waters a!|-l the crops equally. Likewise, ppts (if you use 

'- th.em- i'nstead of beds) of varying sizes will have different 
water needs. On the other hand;- if you are dealing with a large 
growing area, the amount of labor and time'involved in hand 
watering each individual- crop or plant may not be- justified. 

: Remember, it does' not.rairi. inside the. greenhouse. Plants are , 
enti^ly dependent upon the greenhouse operator and. the 
watering system for their livelihood. _ 

HAND METHODS: J land watering is the simplest and the, 
least costly, but also' the most time consuming. There are 
several hand watering "methods, The oldest and most .basic, 
method is the watering bucket. It involves "numerous trips 
from the wafer source to the plants. Changeable "roses" or 
nozzle heads may be obtainable for your bucket that per; 
mit~a varietypf patterns and force with which-to water. 

Another method is watering from below by.' setting your- > 
pots in tubs. These tubs should be filled with; water, to a 
depth of about one-half the height of the' pot This approach 
allows for a thorough watering, But be sure to use soil that 
drains well, This method is useful, in greenhouses with plants 
that react negatively "to. getting their foiiage Wet. However, ' 
watering from be low. is messy and lime consuming. Also,- .it""' 
might lead to a buildup of salts on the soil and pot surfaces,! 
noticeable by -a white, film, .When and if salt, buildup oc- 

; curs, a good leaching of- the soil by watering jrom above will 
be necessary, - . 




A third hand method, the wick system, is s o m e wfvTT s j m i I a r 
to watering from below It utilizes the principle of capillary 
action which allows the soil to take up the amount of water 
that the plant needs .The wick (a piece of absorbent woven*, 
nylon) runs from the. sq'il in Ihe bottom of the pot to the 
water source, When the soil dries; it pulls more water I mm 
the wick- maintaining an ^equilibrium between the water avail- 
able, and the plan! s needs. An appealing advantage of the' 
wick system is that the plants can be left unattended for,' 
long periods of time. As long as the water, source js plenti- 
ful, .plants can take .care of their own water needs, II is 
also a useful syjstem for plants that, dislike getting , wet. Among 
the problems, (hough, are the set-up cost for this system, and 
the possible unattractive appearance, Also, salt buildup is 
likely and should be dealt with as mentioned above. 

The most common-hand watering system is the hose. As 
'with the watering bucket, various heads or nozzles can be 
utilized tor different patterns, fo.rce and quantity effects. 
Some of the ayailable nozzles include mist heads, spray 
beads, jets and guns which allow the water to be controlled 
right at your hand. The hose' is inexpensive, labor-intensive 
system, which can be setup to reach all areas, of your green- , 
house, Be sure to keep the no/z/e oil the ground at all times 
Bacteria, fungi and other pathog,ens can be spread to all 
areas of your greenhouse if the nozzle is infected. Additionally,' , 
a hose is a handy tool around the greenhouse reg/irdless oW 
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the irrigation systenj.in use. It gan -be helpful, for watering 
pots before the'v arc taken from, the^reen house or for other 
singular situations — for example, -to wet down the floor- of*: 
the greenhouse in order to raise the humidity. ' "'■ 
.'• SOPHISTICATED-SYSTEMS: More; sophisticated irrigation 
systems generally require increased costs and, in terms of 
initial installation grid maintenance time, more labor. Many 
; of these systems can be automated, which could justify, the 
labor of 'initial installation and maintenance. On the other 
hand, your decision will . depend' partly on the size , of the 
growing area. It migffcj be hajrl to justfiy an automated; sophis- 
ticated, system if your growing space is minimal. 
■" Drip Systems:- Drip, systems (Figure 10:5) of ten-are used'in. 
greenhouses 'set up to produce potted plants, and can be es- 
pecially useful in areas of the country where water scarcity is 
a serious problem; They are designed to provide water to the 
plants through a series of plastic or. melal pipes and small; 
"spaghetti"- tubes. Designed to drip the water into the isoif'. 
these/spaghetti tube/; are fitted with plastic end pieces vvfvbh 
are poked into or laid on the soil beside the plant, AltKovjgl,f ' 
very ■thorpiiglr and, eff-i &i e-yf , this watering method require-s 
that all the plants on any particular portion of the ctri.g system 




FIGURE 10.5 Drip tube irrigation system 



h a v e t h e s a m e w a t e f- i n g needs. The water is run until all the 
pots show signs of drainage throughput. /.v'-' 

When functionjng-properly, the drip systern saves time and 
water, The'a.b. fifty to-k.eep the foilage dry is another plus. One. 
problem with drip irrigation is mechanical:- sometimes the . , 
lubes pop out of the pipes due; to fluctuating pressures. : 
Water pressure also can be a problem where the pipes are. 
extremely long, causing variations from "one, end of the system ■ 
to the other. Thus, the plants fufthe'st.from theAvater inlet . 
may not receive The same quantitiy -of water. Another problem * . 
is the*fendency of the small : rdividual .tubes to clog up with • 
debris. Pots must be checked regularly to insure that they are . 
all getting water from their tubes. | '', 

Misting: Misting is excellent for the production of starts, 
seedlings and cuttings, This type 6f production requires moist 
air space around the leaves. to mjaintain turgor and promote . 
'rapid root development and plan.| growth. 

The foundation piping of the mist system can be similar to 
that for drip irrigation (Figure 1(), 6); '"Plastic or metal pipes 
run the length of'the bed or bencp. From these pipes, upright 
piping with mist heads' are attached: These are designed to *' 
cover a specific area evenly and will. vary according to the 




FIGURE 10.6 Mist spray r ozzle irrigation system 

y . . . . j - t 

* ' - ■■ . i 




FIGURE 70. 7 Overhead spray .irrigation system . .i ! "'■ [ 

. 1 • : \ • - ■' - 1 ,. . i . j ■ . 
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I : y p e o f |h ead, size »! piping am! wale r pressute. M:s! heads .; 
cover from a 1)10° to 360° area and i 'usually tan. be sot f^r-the 
desired Salterns, Your mist head choice will influence/ how- , . 
you lay;,6ulypur piping: If the mist nozzle only covers a 11 80-. 
area, ybur piping will be J a id out along one edge of Jhtlbed 
or, bench; with a 360f nozzle, hpwever, the piping can go down . 
*th'e center of the growing -structure. , , 1 '1 

, ■ With misting, 'your plants' water needs again must be.simi- 
Jar for every area- covered by specific porti6ns pf^the system. .... 
A tinier ;can be used to automate yo;tir mist: rvlis.tlng_ should 
not be used to meet normal watering needs becalTse'it only / 
covers, foliage and surface areas w'itlya light spray to pre-' - 
> vent wilting anri drying, out; of the soil. Again, it is a good . 
option if you are only 1 , producing stafts or doing propagation-' 
of cuttings, -seedlings, etc. But for tliprocigh watering pf 'lajger , 
plants and pots, misting is_ 1.13 a d equate. ■■ , 

Ovcrhea.dj .Irrigation:-" The overhead; irrig^joil .apptoacjli ' 

(Figure 'lt).7) is. similar in ^ : 1 ; n lure Co die .mist System. The -.- 
only real difference, is the type of .;nozz le off head, svhicfj 
pi ovidrs a- more ;f=orcefulj water'mg. I here: ore,' an, -overhead 
watering system Ts adequate Tfbf/larger plants needing less . 
ffequenj yet more thorough watering f-han '-starts}, cuttings; 
or seed heds . .' ', !■ >%- ' -. .; ... . '■ \ 



GREYWATER: Greywater refers to vvastevvater from the., 
kitchen, 'bathroom sink, and tub which are not contaminated 
by human wastes. Using greywater for greenhouse irrigation 
is a recycling system which, deserves some attention a.nd 
further research' -In the greyvyater system, the. water is generally - 
run tbrough b - rough filter such asigravel, which screens put ' 
Jarge particles and debris such-as hair; food scraps, lint, etc. 
The greenhouse beds .'are used as leaching fields for grey- 
> water purification. In theory. 1 a greywater system serves two 
purposes: 1) it provides water and nutrients to, the plants wv 
the greenhous'e; and 2) it p u rit'ies wastewater before i t is re 



cycled back into the groundwater 'table,. IfReseaJnh js^being- 
' clone by Abby Rockefeller and Car! Lins^rpm, in Cambridge, — 
Mass.; they- plan to publish a manual of design' criteria for 

greywater use in a greenhouse ) - " I --. ', 

-. 1 ' I- -l^' ' - \' ■'-'-. ' . ■ - ' : '-'•' ' -:. 

HYDROPONICS: Probably the ultimate J 'wateri.Qg" metlidtl- 
.-i's . hydroponics— ia total approach of supplying all the plants' , 
'''nutritional needs through the water. With hydroponics, the \. 
koot sDw/tufe is supported in various media-other than soil:, 
sand/.vermiculite, •perlite' or gravel,! The nijtrient niix. 'sup-, 
plied '.thrbu'g'hU'hjs watering procedure usually is fed into the'--'' 
■root structure medium on a frequent 'bo .si's'.' ; 1 ''■■-. "■'; \'; 

Generally, hydroponics is -not re: ommeiuied for the begin;- ., 
■ner, . siiTjCe it requires a delicate balanc.e of; water;* nutrients' 
, and aif— -something, 'hot easily r uiTderstppd by the 'neophyte.' 
; greenhouse grower. Using hydrVponics requi res practice and 
. study td grasp the concepts , It also i's ah intensive system . 
'/which demands^onstant monitoring, and adjustment,. One, 
' drawback -Icfnydrpponics'-is the possib| : 0^depende'nce pn chemV^ ; 
; ical /fertilizers which are derived f rom .fossil, fuels/But there 
' ait? proven organic methods of ^hydropomc. growing: Sep v' 
Jim'< DeKflrhe^ work,, described in 'his book: the SurvivaU'r 
GrecnhouseTResouree List), Anbther consideration impurely 
'"'tactile Working with perlfte of gravej'jus-t isn't as saf^fying 
to niany folks as digging into a rich hrimic soil • ?' 

the positive aspects of' h.ydroponic ' productiop , i'lVclude^ 
'gen e ra I Iv h ighe'e y i e I d s a rvd less vvei gh: <>: n ater-ia+s- {per 11 Te 't . 



versus soil) which could be appealing in n rooftop situation, 
■The frequent-waterings can be automated too. " _ , 

■ ' ■ WAT F K I I Ml' IK AIT J Ki 

The tempeTrThire of. your irrigation water is critical: Plants 
oannot'stand extreme -water (temperatures. Water within a 
range of 60-80° is best. If you anyoperatin m you r greenhouse 

^oi r.a yea Frotm& basis, some" water healing might be^necessary. - 
I f y,our Watg.r source is from the attached strucfure and you 
can ..control the temperature there, you'.re in good shape. It 
not; you may want to consider one of several options. 

- / One -simpler oruTioiVTs- to f-ill -a.gi+rbTCg(^ca-rt for SS-gallrm 
drum) witb- water. The co'nrninpr should be stored in (he green- . 
hopse and its contents -allowed I to warm 1 up tq greenhouse 
temper, iluies The water could 1, ike 12-2-4 hours or longer to 

• warm,, so ydu will- havie.io think ahead, I he can. must be 



covered -at night' to prevent evaporative heat loss, especially 
in cold mbilths or whon .you plan to water in the morning. 
If the water reserve is set up V>n a ■plattorni above., the bench 
or bed level, a hose can hp used to drain the water conven- 
iently. . ' ' „- ' . 

A rela.tcd ophon' is to use one (it '\ mil tipper t-hermjil' 
storage barrels (i,t vour greenhouse is set up this wal) as your 
^^iJeT^fchcarCT^'hr^^ as the iid t option 

Use a hose to drain off the necessary water. II you choose' 
this method, thoifghf fhere are a fow things to consider Is r > r ) 
gallons enough to •meet vour watering needs' Can you at'-' 
tortT(;t hermallv) to g;\ e up that mass slui age fr.7\7c^c^u~vvTlliiTg~ 
to replace the barrel as necessary, s.ince you won't be using 
rust inhibitors in that drum' It you answered "yes" to these 
three questions, this option may be a very practical solution 

An even more elaborate syslem t arrics*'l his principle one 




I'n'lhis l\ ydroponk- ^rowinif- s ys torn, I'VCIrrjualion tubes arc 

* placed'eiuh) inc/ievbe/ovv the nrnvcl (surlnci'l /m'e, I he tubes 
arc driiledevery lour inches. ,An\ "organic t,ea" iolutipn l.wator,' 

•- manure tea, 'rieaweed,- tish emu/vjpnj circulates from die tubes 
h up tbro.utib ffifi gravel to the plant roots by capillary action. 1 1) 
v . Brave/ is sloped to one corner a,nJ tl'ie nutrient-solution h r,e~ 
'■■'■■cycled tcrthe tubes: . V 




FIGURE',10.8 Water, heating system for NCAT solar greenhouse 



-step f urtberr In opera tion 'at the- NCAT greenhouse jn, Butte, 
^Montana, this system (Figure 1 0,8) '0tilrz.es four 55-g'a-Hdn/: 
"drums in the "greenhouse ^'estibuh?. The sun entering the ves-^ 
'tibule keeps the irrigation wafer heated.. Natural convection/ 
clrcul a tran* (based on the fact tha"t: warm water rises) takes- 
place'within each of the f ourloarrels. W.ater is piped into the' 
first barrel at low pressure. As it is warmed "by the sun, the 
:\v,.atmer water rise^ f rom'the botton^ to the top and J:he cooler 
w'aterfsink%Jne warm vvater .at^the 'top is, .forced- to,. the | bot- 
tqnv'of the' next barrel , each time water is withdrawn from the" 
:. hose;^ During periods of the year when 50 gallons gf irrigation 
water are usecPiper clay, the water spends aljout four days. in 
the .cl/urns, allowing *jt to warm considerably^ about ,10?F 
; eAp- h %u-nn y d a y . VF. h e N G A 'T greenhpus e +ia s : a grow i n g a r e a- <;> f- 
about 250 square 'feet. and. irrigation needs have hot exceeded 
v 75 gallons per day. Approximately- half (110 gallons) of the 
\ total warm water storage (-220 gallons! is. 'suitable for wfate.r?.. 
.-ing at any given t.inie: Thps, there is .some "backup" warm' 
.water in the, case of a series of o cold, cloudy days. C)uadrup+e. 
gazing is used 'at the-NCAT greenhouse on the south side 
^Jxttront of^the barrels. The barrels are not insulated, as they 
help to warm the vestibule in which they are.located, Water 
from this system averages' about 55° in winter and 80° in sum- 
mer. In contrast, tap. water is, about 35° in winter and 50° in' 
summer. - . ■ '-<. . -i 



An .ill.it /ie</ sn/,ii Kfci'/i/ioiisi' is one ol 
tlie must ijufjuliij so/.i-f rt'trolit Dplninv 
IV il/i combined lii'Tii'lih-oJjiiMl-.iiiil 
)oo<A 1/ is .in .KlMrlnc mws'diK'/lf ( /loose 
,1 i;ou</ f/esifjn l/i,ty " '" s.Kis/v yum //>- 
(/i\'i(/[i.i/_n("r(/s, /,if:e 101/7 time tlarini! 
i o/is/mk fnjii to ensure i/uj/i/v <7.i/fmjn 
s/h/j /V. in yum t'llott t .iirhitly ,mtl ^tunj 
luck _ ' 
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These organizations can -help you design and: construct a solar green- 
house t&at is appropriate tor y'o'ur specific site and\climate v As mentioned 
. several times in this book, greenhouse design^ ajd cpnstrucYton techniques 
that work well in one area of the country may riot be suitable in another. 
Advice from somecjne who. has greenhouse. .building experience in (your 
immediate locale can minimize problems! 

Th'e.organizations are listed by federal regiorrfas shown on the map) and 
under each listing is a letters) which indicates the kind of assistance eat'h 
group can provide: - • • 

"C" — rnnstmrtinn hpl&u "I 

"b" 



— construction helj^., 

— design assistance . 
(usually for a fee) 



- information (library 
and/orquestipns 
a ns w ered, often' free) " 



^VV^— "wdTlrshoj5s icourses • 

- — ' and ''hands'-on" 

— " ' instruetion on design, 

construction and 
, management) 

CSA Regions . 

With the exception of south Florida and Hawaii, where greenhouses are 
seldom used, there are several operating greenhouses in' the United States, 
and at 'least a few groups and individuals in most areas prepared to offer 
assistance. While this list is by no means exhaustive, it should lead youjlo 
Someone who can help " ' 

In addition to thts Resource List, there are other sources of assistance 
that you should investigate: \ • 

State (and sometimes county) energy offices: Usually there is 
someone on the staff that' is familiar vv"fth local greenhouse projects, fvjlany 
agencies offer publications, workshops, and energy libraries on the sub- 
ject, and some may have compiled their own directories of peqple using 
solar greenhouses in their area, , '■.. v <'-- 

State and local associations: Programs, workshops/and access to 
books and plans for greenhouses aretivailableithrough solar.energy asso- 
ciations in many parts of the country Your s^te energy office will have 
addresses for such groups. Gardening and greenhouse assdciatidns'a'lso 
may be sources for workshops on greenhouse management^ Check with . 
your local botanical garden for workshops as well. • ■ 

Educational institutions. In some area's, courses and workshops on 
solar greenhouse planning and construction are conducted by vocational- 
technical schools, small colleges, and universities. 

Design/construction firms. Firms that can provide planning help 
or a complete custom design are available in many areas, Professional 
architects and engineers, desigfi/Build construction companies, and indi- 
vidual consultants with a background in solar greenhoCfses are becoming 
increasingly common. Try to find one with experience in your climate. 

* * Although an attempt was made in pur survey to identify the most active 
-and reputable people! in eaxh'locale; NCAT cannot endorse any of the 
groups or individuals listed in this directory. V v 



\- 



149 



7 




-150 



REGION I < 

(New England: MB, CT, VT, 
NH, Rl, MA) 

CANDUWIT 

k d-#i . : - 

Brooksfield, VT 05036 
(002)276-3061 - -. - . 

Contact* Jim Laoil.lade '.■ 

(D) . ; ■ 

CENTER FOR ECOLOGICAL* 
TECHNOLOGY 

74 North Street i ■• 
Pittsfield, MA 01201' , 
(413)445-4556 
Contact: Ned Nissau ° 
(D, I, W) 1 

IEREMY COLEMAN . 

• Box 45 

Marlboro, VT 05344 
(1)02) 257 0735 . ' 
CORNERSTONES 
54 Cumberland Street 
Brunswick, Ml! 04011 
(2(17)729-0540 
Contact; I onajhnn Gotham 
(W) " • 

GKFENHOUSE, ETC. 1 
396 Cambridge Turnpike 
Concord, MA 01742 
(617) 369-1354, . 
Contact: Mark'Ward 
(C,D) . 
HEARTWOOE) 
lohnson Road 
Washington, MA 02135 
(4 US 623-6677 , 
(I, W) ' 

HOBBY GREENHOUSE 
ASSOCIATION / 

45 Shady Drive ;/ 
Wallingford^ef 06492 
(21 5)794.8187 

;i. w; -A } 



HARVEY LORBER 

Room 110, Bangor Hall 
University of Maine 
Ba'ngor, ME 04401 ',' 
(207)947 4930 

m • a : 

MEMPHRAMACOG GROUP 

P.O. Box 456 ' 
Newport, VT 05855 
(802) 334-8821 
Contact: Miriam Klein 
(C, D, I, W) 

NEW ALCHEMY INSTITUTE 

P.O. Box 47 ■ 
Woods- Hole, MA 02543 
Contact: Denise Backus 
(D, l r W) 

NORTHEAST CARRY 

P.O. Box 187 
Hallowell, ME 04347 
(207)623-1667 
Contact: Ron Poitras 
(D,W)^fc 
PARAlSP, INC. 
Box 11(0 - 
Hinesburg, VT 05461 
(002)4112-2946 
Contact: Doug I at! 
'(D) 

RHODE ISLAND 
GOVERNOR'S ENERGY 
OFPICE 

: 80 Dean St. 

Providence;, Kl 029<)l<- • . 
"(4QT) 277-3773 1 .. / 
.Contact: Peter. Wall.is : 

II. W>- - ■ " 

ABBY ROCKEFELLER 

14A Elliot Street 

Cambridge, MA 02138 
1617)491-5820 . : 

(D) - : 

SHELTER INSTITUTE 

38 Centre Street 
Bath, ME 04530 
(207)443-9084 
(W) 



SOLSEARCH ARCHITECTS 

1 430 Massachusetts Avenue! 

Cambridge, MA 02138 
(617)494-2188 i ' . 

(D) , - ; ■ . 

SUNPLACE CORP. 

P.O.'Box 237 ;-...'•' '• 

Hiriesburg, VT 05464 

(802) 658-3524 .■ 

(802) 482-2163 : 

Contact: Bill Yanda _ 

,(D 

TOTAL ENVIRONMENTAL 
ACTION , 

Church Hill 
Harrisville, NH 03450 
(603)827-3374*- 
(D. I.YV) . 

■WEATHER ENERGY SYSTEMS 

P.O: Box 968 - 
Pocasset. MA 02559 
(617) 563-9337 
Contact: Bob Skilton 

(C, D) 

: - '■. J' 
REGION II 

(New York, New lerwyj 

ENERGY TASK FORCE 

156 5th Ave. - 
New York, NY 10010 
(212) 675- 1920 _ 
GeM*et*t^.y^ramer ;--<~ . ; 

S (D, VV) '-' ■ .'~v'^ : "^.-^V* 
K E L B A Li G H & LEE ASSOCIATES 
240" Nassah Street : * : r' : " 
Princeton, N| 08540 . 

.'1609)924-957!) . 
Contact: Tom Swartz 

RAMAPO ALTERNATE 
ENERGY CENTER 

505 Ramapo Valley Rd. • 
Mahwah, N] 07430 ' 
(201) 825-2800 
Contact: Pete Savio 
(I, W) 



'1. 



RARITAN VALLEY 
COMMUNITY CO-OP. 

182 Hamilton' St. 
N'ew Brunswick, NJ 08901 
(201 1-247-8246 ... 
Contact: L'aure| King, 

Alice Borsody , 
(C, 1, VV) ' 
SOUTH END SOLAR 
196 Motion Ave. ' 
Albany, NY 12202 
(518) 465-6462 • 
Contact; Herb Hugh 
(C.D.VV). 

YOUTH DEVELOPMENT 
SOCIETY , 

P.O. Box "1 127 ' ' 
New Brunswick, N) 08903 ."- 
, (201) 828-6880 
Contact: Maurice M. Sampson 

(I, VV) 



REGION m 

(Mid-Allantic: OF PA, VVV, ' 
Ml), VA) - '/■ 
DELAWARE SOLAR ENERGY ' 
ASSOCIATION , 7,. 
RJB, 3, Box 2H9K ' 1: • 
Oxf»rd, PA I'Ki.l " 
(302)731-0990 ' ' . ■'. • ■ 
C ont.ict: Kent Vendri c IS* 

mi^vvsc-v.-^j . i. v: 

.ENERGY INFORMATION CENtt'R V 

State OfficV of Emergency and . 

Energy Services ■ " 
310TurnerRd, „<.,-■■•■ 
Richmond. VA 23225 - -- ^ 
(804)745-3245 '. v 
(800) 552 3'83t'"in Virginia.. <—■' 
(I) , ■ 
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MID-ATLANTIC SOI.AR 
ENERGY ASSOCIATION 

2233 Grays Ferry Avenue . . 
Philadelphia, I' A 1 91 4b •'" 
(215)963-0880, ■ :--f '. ' 
Contact: Linda Knapp - 
(I, W) . ■ . 

PENNSYLVANIA ■ 
DEPARTMENT OF 
COMMUNITY AFFAfRS 
Office of Community Energy 
P.O. Box 156 f , - 

.Harrisburg, PA 17120 
(717) 783-2576; . 
Contact: Carol Cochran 
(D,I,W) 

SCOTT COUNTY RURAL- 
AREAS DEVELOPMENT 
ASSOCIATION 

P.O. Box 416 
Gate City, VA 24251 - 
(703) 306-6441 1 
Contact: Errol Hess 
(l,C,D,W). . • : . 

SHADES OF WEST VIRGINIA 

P:Q»'Box33 \ 
, Sandstone, VVV 25985 ' \" 

(304) 46.6-972 1 V , 

Contacts-John Averill \ 

(l) / .- ''/ V 

THE SOLAR PROJECT \ 

" c/o.C. A. P. of Lancaster County \ 
bid Rockland Street , \ 
Lancaster; PA 17602 ■ \ 

(717) 291-1051 ' V 
Contact; Steve Steinbacher 

(C, D, I, W) X. : . 

TECHNOLOGY EDUCATION 
DEPARTMENT 

W.V. University ,\ 
.Suite 609 Allen Hall V„ ' 

Morgantown, WV 26506 X V 
(304) 2,93-3803: ,. ' " 

Contact: Dr. PaulD'eVore 

(i.w; 



REGION IV, 

(SoutheAst: KY, TN, NC,.SC, 
'GA, AL, MS, FL) 
ALABAMA SOLAR ENERGY CENTER 

P-.O; Box 1247 
Huntsville, AL 35807 - 
(205)895-6.361 
Contact: Bruce Novell 
-d) 

APPALAQHIA SCIENCE IN 
THE PUBLIC INTEREST 

Box 298 

Livingston, -ICY. 40445 
(606)453-4121 
Contact: | erry Nichols 
(D, I, W) 

AQUATIC-AGRICULTURAL 
INSTITUTE FOR RESEARCH 

Rpute.4, Tasli Lane 
'•Strawberry Plains, TN 37871 
(615)9.33-674,1'' 
Contact: Nancy Whitehead 

o: ' - • 

■ EAST TENNESSEE COMMUNITY 
DESIGN CENTER * 

1522 Highland Avenue 
Knoxville. TN 37916 



(6-15)525-9945 
Contact: Frank Sparkman 
(D, I) ' . . , 

ENERGY DESIGNS ARCHITECTS 
201 Woodrovv Street 
Columbia, SC 29205 
(803)799-7495 ~ 
Contact: Dick I a mar 

\(D) .. . - ' , 

BILL EPPES ARCHITECTS 
AND PLANNERS 

423 SVV 10th Street ' ~ 
Gainesville, FL 32601 
.(904\375-6l91 
Contact: Peter Prugh 
(D) \ 

FEDERATION OF SOUTHERN 
COOPERATIVES 

P.O. Box 9*5 ' 
Epes, AL 35460 

(205) 6.52-96^ ~~ "" 

Contact: Fred Cooper ., ~ 
(C, D,W)\ j 



GEORGIA INSTITUTE OF 
TECHNOLOGY 

Engineering Experiment Station 
Atlanta, GA 30305 
(404)894-3623 
Contact: Thomas McGowan 
(D) • . 
GEORGIA SOLAR COALITION 
3110 Maple Drive ': 
Atlanta, GA 30305 
(404)231-9994" 

(w; 

FRANK PORTER GRAHAM CENTER 

Route 3, Box 95 
Wadesboro, NC 28170 
(704)851-9346 
Contact: Caty.Fowler 
(I) ■" 
RANDY HODGES 
R.t. 4, Box'689 
Clinton, TN 37716 '. 
(61 5) 457 5 ').!;! 
(W) , 

PAUL KONOVE 

leremiah Rd. 
Chapel Hill, NC 27514" 
(919)933-0010 
(W) 



LONGBRANCH ENVIRONMENTAL 
EDUCATION CENTER 

RT,2, Box 132 ... 
Leicester, NC 28748 
(704)683-3662 
Contact: Paul Gallimore • 

(W) . -— 

MAD DOG DESIGN & 
CONSTRUCTION 

1io\ 12261 , , ■ 

Tallahassee, FL 32308 . 

(904)222-2667 .... 

Contact: Burt Davy 

(C, D, W) ■ - 

MISSISSIPPI SOLAR ENERGY 

ASSOCIATION 

225 W, Lampkin Road 

Starkville, MS 39759 

(601)323.7246 ' ' 

Contact: Pablo Okhuysen 

(I.W) ~ " 



PASSIVE SO LAR^ETROF IT 
PROJECT . / 

c/oT.V.A. , . \ 

Solar Applications Branch \* " 

2-10 Chestnut. St Towers II 

Chattanooga, TN 37401 1 

(615)755-3821 ■ - \ ; ' 

Contact: Scott Hicks M \ ■■' 

(D, |) * • 

JIM PRIOR 
. 1 33 Aldean Drive 

Sanford, FL 32771 ■■- » ! . 

(305) 323-8465 ; -'V 

(W) ' . . ; i 

SOLAR CRAFTElRS, INC. 

Route'i), Box 487, 

Strawberry Plains. IN 1787', 
\(61 5) 933-6741 ' \ 

Contact: I en Marlow "' 'TV'' 

(C, D) 

SOLAR ENERGY WORKS 1 

Division of Farm Building Company), 
The l a;ni i " . " , " \ 

Summertown, TN S 38483 
'(615)964-3579.' 

Contact, Peter Hoyt ' 
(CfD) , , 

THI SOLAR GRELNHOUSE - 
EMPLOYMENT PROJECT 

c/o Collegeof Community Health 
Sciences 
University of Alabama 
Box 6291 , 

University, AL 35486 
(205)348-7942 
Contact: 'Bill Dow 
(W) : ™ , 

SOLAR PLEXUS 
Warrie, NC 28909 
(704)3.8.9-8323" 
Contact: Robert Boone 
(CD) • \ 
SOLAR WORKS 
,6710 Charlotte . , ■ 

'Nashville, TN 37209 
Contact: Eric Lewis » 
(C, D) 
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SOLAR VALLEY COALITION 



Crossviiie, in 30555 
(hi ".! vail 2?'u> 

C/ontac I: Louise Coren(lo, Dennis 

■■LGroKK /"'-., : 
iv;w) /. " 

SOUTHERN SUN, INC. < 

7U> i r.K'klin Sin-el .■„, 
Wi'.t he/. MS 39120 

S.()(>1 : 7664 ;v 

('oiiI.h I: Pierre Butler ' 
(C, 13) 

SUNDROTHERS SOLAR SYSTEM 

220 Richardson Avenue 
Murfreesboro, TN !> ', 10 ' ' ' 
;<> I 5)1190 CM/ ' ' 
: .C4mLael; .liand.lHirandv — .- — '-— 
(CD) ' 

ll.NNrSSI.1 LNVIRONM.I NTA1 

cquNcn. 

!' () !lo\ '.-!22 
Nashville, I N .17202 -1 
(615)2.51-11.1(3 #' 
Contact; Mayo Taylor 
(I..WJ v 

ILNNlSSII SOLAR ENERGY 
ASSOCIATION." 



P.O. Box 4411 ' ^ 

leffersohCiV !N 1771.0 
«,\;) W 2594 - j 

Contactrloe Hultquist 
(1,-W) ' • 

TENNESSEE SUN WORKS 

Route 1. Box179 

Christiana, TN 170 17 

(61.5)!196-43:15 

Contacl: Carl Brandon . • 

(C,D) 




REGION V 

(Midwivst: Oil, IN, II , Wl, Ml)' 

AREA VO-TECH INSTITUTE > 

Highway .34. East-. 
Detroit lakes, MN 56501 
(2111) 1,147-3129 ... 

(211.1) 047-1341 • . ".r".;~ ' 

Contact: |im Wiley 
(C.IV.W) 

'CENTER. FOR LOC AL SELF- 
RELIANCE 

3302 ChioABo - ■ . 

Mirrrfeapolis, MN ,$5407 ■ 

(61 2) 1124-666:1. i ' 

Contacrr|ohrrfeni"raTr 

(D,I,W) ,. > 

CENTER FOR 

NEIGHBORHOOD 

TECHNOLOGY 

570 Wesl Randolph Si. 

Chicago, II. 60606 

(312) 4,54-01 36 , 

Contact: Paige Chapel 

il.UVV) v 

GEORGE CODER 

12112 Jackson' Ave. \ ' 

Lakewaoel Oi l 44107 

(216) 22Vt)3l9 

(PJ,W) ■ ' ' 

I NVIRONMI STA1 RESEARCH 
INSTITUTE OF MICHIGAN 

P.O. Box (ltd 

Ann Arbor. MI 4(1107 . 
(31:1)994-1200 ' 
Contact: Ree.d Maes 
(D) 



INGHAM COUNTY -ENERGY OIF ICE 

121 Last Maple I ' 

Matlsbn, M.I 4(11154 i . ' 

(. r ( i7)C)7(.-Kr.o- - I 

Contact. Fori Cipparohe • . 
(I, VV-) , - ~~^~==~=- 

M 1 3 SYSTEMS 
41 7 : -Superior stre.-t - 
Rcisslord, OH 4 146(1 ; « 
(41 '1)1)66-061 7 
Contact: Cary l ance 
(C D. SV'u ■ ' 
SHNSPAC I 1)1 SIGN AM) 
CONSTRUCTION 
1 251 Johnson- 

MatMMin Wl VS704 ' 

(60(1)257-1743 
Contacl: Bob Korrer 

(c.-d, i. vvf -- / 
REGION VI 

:Soutlmesl: \\t. 1 \, Ok. Ak, I A 

ALTERNATIVE ENERGY SYSTEMS 

I'.O Box 117 

"Beaver, AR ' 7261 3 ■ 

(501)252739! 

Contact': Steve I Lai onlaine 
■(C, D, I. W) , - 
LOUISIANA LIE PART MF N I OL 
NATURAl RISOUKCIS 

Divmcii it' Kes.-.i'; 6 arc ----- ------ 

Development 
P O Box 44156 -. 
BaA>n Rouye, LA 7080-1 ■ 
(504) 342-1592 . 
Contact: Keith Overciyke 
(I, W) 



MAXIMUM POTENT I A I BUILDING 
SYS 1 1 MS 

11604 I M Road 969 
Austin, I X 7(172.1 : 

(512)92(1-17116 — 

Contacl: I'liny Lisk - 
(D, I, VV) 

NEW MEXICO SOLAR ENERGY 
■•ASSOCIATION 

P.O.: Box 2004 ■ sL.- ' . ' 

Santa Fe, NM 87501 - ■ 

(505) 9113-533!) ,' •' 
(505) 903=2)161 I 
•C.D.I.Wi ' | 

OZARK INSTITUTE, ■ ' '1 
il<>\ ,.Vr- •' \ 

I ure) .rSpnni;- \\i ' !u 1.' 
1501) 253-7 Ki-I / 

-CTinnrctr Lcl JenonLr 
IIXLW) I 

SllNSI'AC I . I N ( 

I I O Box 1792 '„ r 
Ada, OK 74(120 
(105) 112 OHM, 
Contact Bill /.Delink 

"(D, W(> 

TEXAS SOLAR ENERGY 
SOCIETY 

600 W. 28th No. 101 
Austin, TX 78705 
(512) 472-1.252 . . : 
3W,I) - / " ■" ■ 
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REGION VII 

(Plriihs: KS, MO, IA, NE) 

BETA FOUNDATION F^OIECT 

Stevens College - 
Columbia, MO 65201 
(314)442-2211 t 
Gdntacti-WaltacerWells ' 
•a.CAV) • 

CENTER FOR -RURAL AFFAIRS 

P.O. Bpx 405 * 
WalthTII, NE 68067 * 
(402)846-5428 
Contact; Donald Ralslon 
'(1,D,C,W) •■' > ' 
ENEGRY RESOURCE SYSTEM 
ANALYST - - 

Energy Test House 
Wichita Dlv. of Energy 
1602 McLean Blvd. ■ 
Wichita, KS 67213 , 
(3'16) 265-4193 . 
Contact: Terry Behrendt 
(l,D,C,W) 

IOWA CENTER FOR SELF- 
RELIANCE 

-3500 Kingman Blvd. -.- 

Des Moines, IA 50311 

(515) 277-0968- - - •- 

Contact: Steve Severence -— 

il) 

Kansas energy office 

2H4W,6tli-' 

T'opeka.^'S 66603 ' . 
(913) 296-2915 . - . ! 

Contact: David-Martin 

vm - - • 

MIDLAND ENERGY INSTITUTE 

90(1 C'raiul Avenue, Suite 4u'0 
Kansas City, MO 6-1106 
(1116)842-2459 : 
Contact: Georye L. Sasser 
(W) 



MISSOURI SOLAR OEFICE 

Department of Natural Kesqurces 
101 4 Madison Street . 
lefferson City, MO 65101 
(314)751-4000 
Contact: H'erb'Wade ' 
(l,W). ■ > . 
NEBRASKA SOLAR OFFICE 
W 191 Nebraska Hall 
Lincoln, NE 68588 , ' . ' 
(402) 472-3414 : >» . . 

Contact: Paul Popinchalk T. 

W ■■: ■ . 

SIOUXLAND SOLAR ENERGY 
ASSOCIATION 

2606 | ones St. ,, / 
Sioux City, IA 51101" 
(712)258-6790 S 
Contact: Mac A. Lewis ' 

(I) . 

SOLAR GREENHOUSE 
ASSOCIATION . 

34 N, Core Avenue 
WebsterCrove, MO 63119. 
(114)962-1 '.76 -i 
Contact: Ida May Pederson 
(iX I. Wl - ; - 
UNIVERSITY FOR MAN 
1221'Thurston* ■ ■ 
Manhatten, KS 66501 
(913)532-5953 
•■'.Contatt: Sue Maes 
!!,c:,D.W) ! , 




REGION VIII 

lKo<k\ Mountains: LI, ( C), \\ Y, 

• f VvU SD, SD) 

AERO - ALTERNATIVE . - 
ENERGY RESOURCE ' 
ORGANIZATION . 

435 Stapleton Bldg. 

Billings, MT 59101 ■••■■.„■ 

(406) 259-1 958 

Contact: Monique Mandali 

d,w) ' " — 

JIM BAE'RG 

Box 1-1 46 ' . 

Bozeman, MT 59715 
.(406)587-0567 
(C, D) 

NORM BARNES 

1159 E: Stratford Avenue 
Salt Lake City, TJT 94106 
.(801)485-8648 

(D, I) ' 
CQLORADO MOUNTAIN 
"COLLEGE, A.T. PROGRAM 

3000 County Rd. 114 . 
Glenwood Springs, CO 81601 
(303) 945-7481 • ' • • 

Contact: Larry Puleo 
(I) • 



COMMUNITY ACTION OF 
LARAMIE COUNTY 

-1(>0) Contra) 
. Suite 4(>0 • 
I Cheyenne, WY 82001,' 
•(307)635-9291 
| Contact: Gary Carbon 
(W ; )-. ' 

CUSTOM SOLAR 
I APPLICATIONS 

P.O. Box 64 V 

_Crowheart, WY 82512 , .... 

.(307). 486-2224 1 ■ 

Contact: Dave'Neary 
(C,I,C,W) ;.*t 
DAKOTA SUN' i 
Box 5033 , -fi 
Grand Fofks/ND 58201 
(701)252-8060" 
Contact: Dave Hafey 
(W) ,.. ' 

DOMESTIC TECHNOLOGY 
INSTITUTE '■ 
12520 West Cedar Drive 
Lakewood.CO 80228 
(303) 99H-3054 

Contact Malcolm Lillywhitc 
(D. I, W) 
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DAVID ELFRING 

184 So. Ilumbolol 
Denvci, ( () 80709 % 
; Id I: 777 I I i.! \ 

ro) , ; 

GRAND IIJNCTION PUBLIC 

I: N I; R C. YIN I O R M A 1 1 N () 1 1 1( I 

250 NrVlh5lh Street 
Grand |iW|ion, CO a l r »0 1 

•;un:.M rTiHi 

Contact: loyce^wakins 
;n I W! 

MONTANA SUN FLAM ■ 

Box 216 , , 

Circle. Ml 59JI5 r- -.:... 
(4()6)4H5-2UU)- - ■ 
Contact; lohn Brown 
• K . '.) W) 



Nl W Wl S 1 1 R N INI RGY SNOW 

226 Power Block Building 

Helena, M l 5960-J 

(406)44 I -7272 

( i ii H ,u I Ion Perry 

(l,W)' 

PEOPLE'S ALTERNATIVE 
ENERGY SERVICE 

Roule I, Box 3-A 
SRn Luis, CO 81 152, 
CUD) 072 id(l.! 

Contact: Anne iS M.in.i Valdez 
(C,D,I,W) 

PONDERA SOLAR ALLIANCE 

P.O. Box 1252 

Conr,id, MT 59425 

(406) 278-5330 , ' 

Contact: Dale Sheldon 

•;;•). ;.C.\V; - ■ 

RLCION ') COMMUNITY 

SI RVICI S AGENCY 

I'll 1;N: Maine Avenue ~~ 

l.)ur,rnno, CO ■H I 301 

(10 I) 259-1967 

Conflict: Bud I \ ,ni'. 

(C I- 1 ) ' 



SAN LUIS- VALLEY SOLAR 
ENERGY ASSOCIATION 

P.O. Box 1284 
Alamosa, CO 81101 
(303) 58') 22 J3 
Contact: l5ob ■ Uunsmore 
(D.I.VV) ■ . 

SOUTH DAKOTA OFFICE OF 
ENERGY AND POLIC Y 

Capitol Lake. Pla/a 
Pierre SD 57501 
(1.05) 773-3603 
Contact: Steve Weunian 
(I.W) 

SUN'S RIGHT GREENHOUSES 

Box <70 

Huntington, t>U14528 
(801) dfl 7- 2 2^15 
Contact: Alan llamann >-.. 
(CD) • 
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REGION IX 

(West (oast; (. A. NV, A/) 

A S.l.A SOIAR ACTION HAM 

ii ii I l,ii;s|,itt (.enter lor AppropnaTV 
i 1 ei. hnolouv ' 

Box 144"! . _ 

tla ^i.m -a./, nam r* ""e 

l'()()2) 779 0505 • ' 

Contact: Buck Orndort ]oe Costion 

SC. D. 1, VV) 

(CALIFORNIA OFFICE OF 
APPROPRIATE TECHNOLOGY' 
LOCAL ASSISTANCE CROUP 1 

Box. 1677 

Sacramento, CA 95814* 
(916) 445-1-803) 
(D) . ■ 

HABITAT CENTER 

162 Christen Dr. 1 
Paeheco, CA 94553 . . • . . 
Ii1l5)'543-I294 
Contact: Lynn Nelson 

(vvr ,\ 

IARAIIONIS INS1IIU1I 

15290 Coleman Valley Koa'fK 
On idehtal, CA 95465 ' 

(707)874-3060 . • - 

Contact: Alison Dykslra 
1 1). I. W : 

SANTA BARBARA- 
COMMUNITY ACTION 
COMMISSION 

5689. Mollister , 
1 "Gbleta, CA 93T10 
•305 • 964-8857 ; ' . ' 

Contact: Matthew Steeri 

(l,C,D,W) ' 

SUN MOUNTAIN DESIGN 

224 So. Leroux St. - ( . 
lUaRslaft, A/ 86001 
(602) 774-3252 
Contact: |oe Costion 
• C.D.I.U: : 



REGION X i; . 

(Northwest: OR,. WA, ID, AK) 

ALASKA ALTERNAlil ENERGY 
RESOURCE CENTER ■ . 

1069 W. 6th Street , 

•Anchorage, AJ< 99501 r ,. 

(907) 274-3621 . . , 

; Contact: Nancy-Lee ' " 
(I, W) " - • 
ALASKA FEDERATION FOR 
COMMUNITY SELF-RELIANCE 
Box 73488 

Fairbanks, AK 99707' ■ 

(907)456-7674 

Contact: Alex Scaln ; 

(l,W) 

ALTERNATE ENERGY SYSTEMS 

Box 1137 

Twisp, WA 98856 
(509) 996-2490 ■■'..'•' 
Contact: Aileen Jeffries, ■ " - 

•,' Peter Morrison -, , 
(C,D) 
' ECOTOPE CROUP 
2332 EastlMadison 
Seattle, WA 981 12 
(202) 332-3753 

'.(D-;i)-- - 

KITTITAS VALLEY 
ALTERNATIVE ENERGY 
ASSOCIATION' ' :- 
ENERGY RESOURCE CENTER 

*•• Washington ;Energy ? Extension 

Service ' ■;' ' •' / 

•09V, W. 6:n ' • . , 

P.O. Box 282 

Eflensburg/WA ?0926 

(509) -962-9863 llxt. 255 
' C.D.OW! ' 

NEWACT - NORTH EAST 

WASHINGTON APPROPRIATE 

& CREATIVE TECHNOLOGY 

P-.0. Box 385 

Republic, WA 99166 

(509) 775-3865- ., 

(509) 775-3341,. 

Contact: Mike Nelson 

(l,C,D,W) 



OREGON APPROPRIATE 
TECHNOLOGY 

Box 1525 ' ".: 

Eugene, OR 97440 -.— - - 
(503) 683-1613 
Contact: Dorj Williams, 

Larr,y Parker 
(CI), I! .-- . - — ■■ 

OREGON SOLAR ENERGY 
SOCIETY 1 
P.O. Box 142 
WillamettejJniversity 
Salem, OR~7308 
(503) 363-32?8 - 
Contact: Jeff Michael 
OREGON SOLAR INDUSTRIES 
ASSOCIATION 
7642 SW Capitol Hwg, 
Portland, OR 97219 
(503)244-21^3 - , . 

Contact: Steve Barren 
(I) ' 
PORTLAND SUN 
628 S.l . Mil, 
Portland, OR' 97214 
_(503) 239-7470 - 
"Contact: bynh Youngbar - ■ 
(D.I.CAV! - - 
PROJECT " 
Box 777 

Soaplake, WA 98851 
(509) 246-0261 
Contact: Greg Higgins or 
(206)445-2473 
Contact: Graham Hubenthal 
\ (D) \ ' ' ' 
' RAINSHADOW 
' '32.37 last Lake Ave. E. 
Seattle, WA 98102 - , . 
(206) 323-2377 \ - 
Contact: Tim McGee 
i (C,W,D) 

.SOLAR ENERGY 
ASSOCIATION OF IDAHO 
i Box 276 I t ' , N 
. Boise, IGf 83701 
(208) 33^1526 
* Contact: Dan Smith - 

!D.i-,vv; 



SOUTHERN PUGET SOUND 
SOLAR ENERGY 
ASSOCIATION 

!'«0. Box- 454 — — : - ' 

1620 E. 4th 

Olympia, WA 98506 

•(206) 943-4595. **' 

Contact: Davie I :a~ki:! 

(I,D,C,W) 

SOLAR STUDY GROUP 

P.O. Box 1241 
Corvallis, OR 97330 " 
(503)753-0334 - 
Contact: D R. Knapp 
(C, D, I, VV) 

WASHINGTON SOLAR 
' TRADES COUNCIL 

1916 Pike Place, No. 22A 
Seattle, WA 90101 
(206), 622-71 71 
Contact: Jeanie Taylor , 
(l,W) 

CANADA 

BRACE RESEARCH INSTITUTE 

Macclonald College of McGill 
, University 

St. Ann de-Bellevue, Qilebec * 
R 9X1 CO 

(514) 457-2000 Ext. 255 . 

Contact: Andy Skelton 

(D.I) ' " - 

CONSERVED SOCIETY" CO-OP 

P.O. Box 4377: 

Station I . 

■ Ottowa, Ontario 

-(613)233-0928 : J 
(VV) ... ■ . / ■ - V ■ - 
THE DRAWING ROOM 
GRAPHICS SERVICES, LTD. 
P.o: Box 86627 
N. Vancouver, BC V 7-L--4 L2 
Contact: Richard Kadulski 
(D,l) 



ECOLOGY HOUSE 

1 2 Madison! Ave. 

Toronto, Ontario M5R$?S1 
- (41 6) 967-0577 - , - 

(1) ; - - ■ • 

RICHARD -KERR 
\RR 3 - 
^Dalkeith, Ontario K0B 1-E0 

(613) 874-2293 . 

(CD) • ;■ 8 

MEMPHRAMACOG 
COMMUNITY TECHNOLOGY 
GROUP 

RR 4 

: Mansonville, Quebec JOE 1X0 
(51 4) 292-5663 
Contact: Ron Alward 
(I))' ... 
PASSIVE SOLAR DESIGN, LTD. 
Office No, 204 
10830 107th Ave. 
' Edmonton, Alberta T5H 0X3 
(403) 426-3857 ' 
Contact: John Huges 
(l,D,W) 

; ; SOI AR APPLIC ATIONS 

3356 West 13th Avenue : 
Vancouver. LLC—, --Gamu-ln 7 
' '(706)733-5631 
SUN HOUSE HOMES, LTD. 
5 - 1945 Scarth St. ■ 
Regina, Sask. S4P 2H2 
,(306j, 352-4433' 
Contact: Henry Lorenzen- 
("Dfl *' •"':, 
S'YNI KGY SYSTEMS \ . 
Michael K eit oot • " , 
Sei'be, Alberla 

Canada, TOL.1XO ' ■■ - • . 
(403) 67 3-3858 
THE WOODEN EWE 
P.O. Box 1387 
. Fairview, Alberta T0H 1L0 - 
-(D,W,I) " 



BOOKS 

An Assessment of Controlled Environmental Agricultural Technology 

Prepared by": : ', ./.'' •• 

Lawrence H. dcBivort / 
Sponsored by: - / . 

. National Science F.oundation '■ 
Available from: / . " - 

National Technical Information Service; 

U S. Depc of Commerce - 

Springfield, Virginia' 22161 : 

1978 ^ ' ■- J- 462 pages „■ $15.00 

•This -report represents an overview of "Controlled Environmental Agri- 
culture," its Use? today and its potential. Reviews of operating commercial 
food greenhouses, analysis' of .the" elements of greenhouse plant growth,, 
a description of current growing space construction technology, and n 
look at economics And social impacts are in_cjuded-in tlU'volume. This is 
a valuable publication, especially- toHncptjrioncBd growers interested in 
technical assessm i/n t s --of' large-scale greenhouse vegetable production. 

Building and Using a Solnr Heated Geodesic Greenhouse 

Prepared by; . ■ . , ' 

|ohn Fontanetta and Al Heller - . _. _ - 

Published by: * • ' , 

•Garden Way Publishing. « ' , ' 

Charlotte, VT 05445 ' - . ' , 

1979 ■ 7^" I94*pages - ~ ' $8.95 

Fontanetta and Heller describe a geodesic dome greenhouse f25 ' ft. 
diameter) developed by 'their 'research group at New York's Fordham 
University. The_416 squarejejot structure was built for less than $480 in 
materials (inJilT^^This-RwTbst was achieved through the use of rein- 
forced polyethylene for in'i'eT and outer skins, and because the dome's 
inJierent'sfr^Tfg'Chjdlawed 2 x 2 framing. Although the prototype had en ; 
dured twe-ye.«trST)f operations with no major problems since the book WQ£, 
vvritlen, the materials. uscti would suggest" a fairly short lifetime for the 
structure. One-jycnrlrf expect .rn'oisture trapped in the fiberglass insula- 
tion (whictuis^enclosed between two layers of polyethylene) to reduce 
oliineiu y Noiu!thele„ss, the authors present an exciting example of lou 
Cost, oRery^effTcient greenhouse design. 

Building and Using Our Sun-Healed Greenhouse 

Prepared by.: ... ' ■' ... 

Helen and Scott Nearing^ • . 

Published by: , " .. . ' ' ■ 

Garden Way Publishing Company 

'Charlotte, VT 05445 ' ■ , 



1977 , 148 pages - \, $6.95 

-This is the Nearings' account of the building and operation of their home- 
built solargreenhouse in coastal Maine. It is expressly aimed at fellow 
homesteaders, and about half the book is taken up with pictures and 

" quotes. They offer useful information and some interesting suggestions 
concernings the practicability of growing cold-hardy vegetables in a-sun- 
heated (no back-up system) greenhouse in^the North Temperate Zone, 
General low-cost cojijtruction advice along' with details on pouring 
's.tohe-faced concrete - walls with movable forms is presented. The.Nearings' 
book is a good inspiration source for.the individual that wants to 'build 
a greenhouse with minimal, dollar investment.' 

Coal Ash Utilization: Fly Ash, Bottom Ash, and Slag. 

Edited by: ■ > . _ _■_ " 

S. Torrey ^ '. r r:.::' ~ '~, \ ' 

Published hv '■■.•-■■ 

Noyes Data Corporation 

Mill Road at Grand Avenue . vT . .. 

Park Ridge, New .Jersey 07656 , _ \ 

1 978 ' 37p^fu]3?~ 7 """"V""" ~ M9r > 

Fly ash, the fine residue resulting from the f. ombustion of-coal, is a good 
'""substitute for Portland cement in concrete. In fact, due to its very small 
particle size, fly_nsh concrete is .'actiiajly superior to con.vtmtionaj cement 
— concretes for applications where resistance to water flow is important. 
This vplume outlines the; many techniques for using fly ash in concrete, 
a . resource that is becoming increasingly available-due to greater use of.co.il 
for electricity, generation and in industrial processes. Proportions for 
mixing such concrete for a variety of. uses, test results, fly ash mineral 
recovery (mainly silica & alumina), and other uses^or fly ash are treated in" 
detail in the book'. This is the most comprehensive guide available for 
engineering and building fly ash concrete'.structures. 

The Complete Greenhouse Book: Building and Using Greenhouses 
from Cold Frames to Solar Structures 

Prepared by: « . 

■. Peter Clegg & Derry Watkins , - ■'■ / ■ ; : 

■>• Published byr- ' " ; , : ^ 

Garden Way Publishing Company : - 
Charlotte. Vermont 05445 ' 

.i. 197 8 . ' ■ , ~~~ ,!H;I pages ~~" r ~~ T ' ^Wi5 

A guide for the design, construction, and management of solar green- 
houses, . A diversity of project reviews along with good general construc- 
~tfon-.-guide[ines makes" this a valuable resource to the greenhouse builder. 
Primary "#^i^p^se\&mDonents are thoroughly discussed as to advan- 
tages and lim'ital5on^B^Sfe™j)struc,tion details aVe discussed and illus- 
trated although a fe^&fl^M^^^^^eg.rnay.be. needed by the builder 
in. this area- A -tharoLig^^^^^^^tnj»nd=working guide for all people 
interested in^l|ir_ gfeefBgtei*? '** """ '"'"'" 
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Construction Manual: Concrete and Formwork 

Prepared by; . , 

T.W. Love' 
Published by: 

Craftsman Book Company 

542 Stevens Avenue , 

Solana'Beach', California 92075 



1977 



169 pages ' 



$4 2 r » 



Mixing, excavation, forms, piers, beams, arched, openings, finishing and 
reinforciqg : of concrete are comprehensively examined in the bobk^ One 
of the better references available on the subject for beginners or exper- 
ienced builders!' r ' .», ■ ..." •■ 1 \ 



Construction Manual: RoiiRh Carpentry 

Prepared by: • 

T.W. Love • 
Published by; , i 

'Craftsman' Book Company 
. 542 Stevens Avenue V • 
'• .Solana Beach, California -92075 : " 



1976 



2t!6 pages 



$7 



rwjijber selection, sills, girders, columns, Joists, underlayment, wall Iram- 
ingVwalJ^heathirig, trusses.'. and several types of roof framing arc detailed 
in the book All the reference material necessary to frame practically 
any kind of. greenhouse is clearly presented. "A clear guide to the "bones" 
of the matter for professional or beginner. " . - 



A Fish and Vegetable Grower for All Seasons 

Prepared by: 

Robert E: Huke and Robert W , Sherwin,-|r 
Published-by: ..." _ 

Norwich Publications 

Box F ' " ' - 

Norwich, VT 05055 



1977 



■ 125 pages 



$4.95 



Citing increasing energy prices, escalating shippinii'costs, shrinking pro- , 
ductivp agricultural acreage and* growing population, the authors argue 
thoY raising food near home using small, amounts of eiiergy will.soon 
be imperative Their book discusses intensive vegetable and fish produc- 
tion inside energy efficient solar greenhouses (built on a family or com- 
munity scale). The construction and management of Mr, Fluke's dome 
greenhouse (17 fl. diameter). whieh'breeds catfish, trout, and vegetables 
is examined. Although not recommended as- ;v complete construction, 
guide,", the book clearly presents certain -greenhouse and aquacultiire 
system design details, ' '•' ' . \ . 



Fish Farming and Your Solar Greenhouse 

Prepared by: . ' 

'William Head and.lon Splane 
Published by:./-'' ; 
• Amity F&tjrrfqation 
Box 7.066 " 
Eugene, OR 9740.1 ■ 



43 pages 



$5.00 



1979 ■ ■ __ i 

- The yield of n solar greenhouse can be enhanced significantly by mak- ■ 
ing dual use of the w'ater heat storage tank(s). The 70°F to 90°F.temper- 
atures (considered normal for sun-tempered water] are ideal for rapid 
..growth of some varieties of fish. This book, aB-exeel lent introduction. to 
the subject, describes what'kjnds of fish work best and how to grow them 
successfully. Examples of, different approaches to greenhouse fish pro- 
* cfuction are presented in the text. 

The Food and Heat Producing Solar Greenhouse: 
Design, Construction, Operation 

, ^Prepared by: »'~ • . •;>' . 

\ Rick Fisher and Bill Yalida - . ' ' ■' 

Published by; . 
V |ohn Muir Publications 1 - -" ' 

P ',) Box 61 3 - 
Santa Fe, New Mexico (17501 
Distributed by: Bookpeople 

2940'Seventh Street 
. Berkeley, California 94710 



n. 



WHO JS\h Printr ng, Revised an d Exp anded) * 20» pages 



$9.00 



This book was originally published in 1976 as a chronicle of the Solar 
Sustenance Team who had built, a number' of solar greenhouses in the 
Southewest. Now in its 6th printing, the manual has been substantially 
revised and expanded to become one of the best solar greenhouse pubjica- 
tions available. It provides a good variety of 'proven-design and construc- 
tion details plus step-by-step instructions for planting, maintenance and 
, harvesting. It, is very complete and highly recommended as a first book to 
r.eadon the subject _ . , . 

Handbook for Building Homes of Farth 

Prepared by: .. 

l.yle A. Woff skill and others. 
- Sponsored by: . ' . ' 

' Agency for International Development 
Available from: ' 

National Technical InforiTiiUion.Ser.yice ^. ,, • • . 

U.S. Department of;Commi>rc(- 

Springfield, Virginia 22161 . . - ■ 



T97H 



159 pages '■'%, 



$« 00 



Tolls how !o make adobe and pressed earth blocks and rammed earth ' 
'walls; Soil stabilizers, site 1 preparation, foundations, roo"fs7f pors, and 
surface treatments are given detailed" treatment in the publication. With 
lots of goVd how-to details, this volume is recommended as a good con- 
struclio'n reference for, anyone interested in using earth construction 

techniques,: ,, _ — «- : — , —- ---- 

■•■ r- ",' . ■'-7;-;"; ;.. ' - 1 ^ . 

LiRhtihg fdr Plant Growth 

Prepared by: _ - . 

Elwood D. Brikfb7ct"arnd Stuart Dunn v., '.'■■■; 
Published by: . ' „ . ' . .- . - - 

Keni State University Pres.? : x. I 

Kent Ohio: 44242 



1978 



$16.75 



From definitions and descriptions of the behavior of light through an ex- 
aminatibn of the photochemistry of plants and specific lighting recom- 
mendations for various plants; this volume is a thorough exposition of 
the relationship of plant growth and light, 'This rather technlcijl dis- 
cussion pf both sunlight -and artificial light's place in t,'he growth cycli 1 - 
should bp of value lo the serious greenhouse builder and manager. 



Modern Carpentry: Building Construction Details in _ 
Easy-To-Urulersland Form ' 

Prepared by: -, - I 

\ Will Ks II, Wagner ., c ,, _ - I <..-.,'. 

iPublishoci by; ■ -\, - ! -\' . ■ j 

."G pod h4n rt-yV i 1 1 iox.Co.rtipa riy r' , \ ' - .'! \ ■ '■. V " 

»- ' South Holland, Illinois 0*1-5 ' , ' j :■< r ' ■ 

197$: \1 •'.- ',••• * 4BP p,-»ges . , » r^fj 7^Tl4.95 



A cletailed\guide to .construction. details that is. clear enough for the! 
beginner and comprehensive enough for the full-finifj thumb-pounder. . | 
most of the detail that you'll need for any greenhquse should be here> 
somewherq. This'is one of the best over-all carpentry guides available. 



Passive Snl.ir Design: An Extensive Bibliography 

Prepared by!: , 

Al A Research Corporation - 
." Washington, D.C. 
Available (ripm: 

N.T.I/S, 

U.S. Department of Commerce 
52(55° Port Royal Road." . 
Springfield, Virginia 22161 



1978 



199 pages 



$9,251 



A thorough listing of -books and pamphlets relating to passive^solar design. 
Beyond detailing sources of data on greenhettse-passive design; economics, 
climatic human, comfort, glazing,, heat storage, insulation, and hybrid ... 
systems references are catalogued,. Passive cooling by ventilation, con- 
vection, evaporation, radiation, absorption, and shading is also covered.: 
T hi^ is a valuaive ai(i to the pa<->:\e greenhouse designer 

The Passive Solar Energy Book . ' 

Prepared by:,. , ' , " - 

Edward Maeria 
Published by: '•-.'*-. 

Rod, '.le Press ."''-. 

En)maus, Pennsylvania 18049 '-...',' 



1979 ; 



435 pages 
548 pages Professional 



Trade Edition.$ia.95 
HardCoveJ 524 9^ 



This passive design text provides all the numbers°necessary to design a 
passive solar building Rules-df-thumb for developing passive attached.or. 
freestanding greenhouses, direct gain systems, thermal storage walls Of 
masonry or water, and roof pond systems are clearly presented.' 1 ,, .the 
most comprehensive guide to the subject now available; The general 
guidelines on greenhouse energy-design- will be very helpful to any render. 
The hard cover professional edition with 100 extra pages provides more 
technical-data for the professional designer or more serious layman. 



The Solar Greenhouse Book 

Edited by: 

lames'C, MrCullflgh 
Published by:'" ( ' 

T rade Sales -Department , ■ 

Rcftlale Press - 

Enfmaus. Pennsylvania 18049 



1 978 



328 pages 



110.95 



This comprehensive publication details the de#ign, building, and use of a 
variety of solar-reliant greenhouses. Reviews of a wide spectrum Of ap- 
proaches to -the problem for different "climates and|. situations is one of 
the strongest points of the book: The ample illustrations help to give the 
reader insight into how to lay out his own grow'ing splice. Generally good 
construction how-to along .with excellent horticultural advice make (his 
one of the most complete guides available for pej;iple planning their< 
first •iolar greenhouse '...-.;■■ , 



i 



A Solar Greenhouse Guide for Ihe 'Northwest 

Prepared and 

Published by: 

Ecotope Croup • 
2332 East Madison - 
.Seattle. Washington 98112 ■ ' - - 



1979 



92 pages 



$5.00 



yhjis ""guidebook summarizes Ecotope's considerable experience with solar 
jejiajit growing struGtures jn the. Northwest. Feasibility, siting, designing, 
foundations, framing, glazing, insulaling.'sheathirg. thermal mass and 
finish. ng are outlined in the text with generous charts,, and diagrams ac- 
companying, The "How to Put On a Workshop" c(hapler\will be especially 
useful to mariyj Pacific Northwest insulation and hea\los§ data con-, 
eludes the book. Recommended for both the novice^and the experienced 
greenhouse biiiider. •'/ \ - . 



Sun Angles for Design 

Prepared'by: .- 
Robert Bennett ''• '• / 

Published by: 

Robert Bennett " / /■ 

6 Snowden Road /" 

Bala Cynwytl, Pennsylvania ''19004 



7,7. pages 



x . " _£l'I_i: 5 99 ''' 

Mr. Bennelt IcMt hotf IP prepare a solar silo plan for, a, solar collecting 
building or other collector system. Orient a I ion, solar lime, shadow'-map- 
'ping, Stin-coiilrol/dev.ices/ 'overhangs, skylighls, and the use of south 
vertical fins aie/analy/ed in the text, Sun-angle charts (or 0° through 
6t)° ,N; Lalitude'by 20 infciomenls an; 'provided. A good introduction to 
I he subject, -/~ • . \, '.\ 



Papers ranging from general overviews of the.construction and operation 
of several working soJar greenhouses through technical presentations on*" 
heat storage in salts and wet sand and active versus'passive economics 
and efficiencies are printed :r. this volume. 1 hese proceedings offer a 
. good summary of diverse -approaches to solar heating both large and 
small growing structures: ' . < : - 

New England Conference on Energ^in Agriculture 

May 3 and 4. 1976; Durham, New- Hampshire 
■ Edited by: •-:',' 

■ j?. g. Light " • ■".".'-''''; 

Sponsored by: .''■>» " * ~ 

New England Farm Electrification Institute and five other groups 
Published'by: ";. . 

;Massachuse.tts»CoopeFative Extension Service 
Available from: if-. 

The Bulletin Center - - - -— " » 

.213 Stockbridge Hall _-__'. : ■■ 

\ University of Massachusetts v 
"'Amherst, MA.010Q1 - 



1976 



161. pages 



WOO 



Data on wind, solar, wood, hydroelectric, methane and power stations 
waste hrjat -energy use on the farm and in greenhouses, Although emphasis 
is. on relfltivelycostly active solar heating sysjemj, the technical. papers 
on oilier means of heating are w orth the "price of, admission. ' 



CONFERENCE PROCEEDINGS 



Great Lakes Solar Greenhouse Conference Proceedings 

October 6 and 7, 197(1: Midland, Michigan 
Edited by: .„ ' ■: _ 

C.C. Currin ■ 
Sponsored, by: 

• Chippewa Nature Center 
. Availabe from: 

I I'.ippcwa \aiuie Center :. . '"'.'"■'"'''"■,;;."•". 

400 S, Bacloui Rd., Route #9 

Midland, Ml 48460 ' ' 



197)1 



148 pages 



$7.00 



PajSive"Snlvir Slate nf the Art: Proceedings of the '.2nd National 
Passive Solar Conference. 

March 'H? '.and lit: Philadelphia, Pennsylvania- P ' ' 

Ed'ited by: ■ , ' ' ' ' ' .' . .. ' ■ 

Don Prowler ' „ ■•_ < 
Jsponsored by: "" , _. ' 

international Solar Energy Society ... •■?->" -'—'■" '"' 

Available from: • . • . ' ,_ ; . .... 

Mid-Atlantic Solar Energy Association 
. ,-2233 Grays Ferry -TYvenjje ' - 

Philadelphia. Pennsylva>iM 19146- . 



1978 



951 pages (ivqlomes) 



$20:00 



As the mime states — these volumes represent the state-of-the-art through 
Spring of '78. Case studies of passive greenhouses, direct gain systems', 
mass walls, mass root.-, passive combinations, arxl hybrid systems' are 
presented in Volume 1. Volume |l covers simulation and testing of com- 
popents Volume III reviews policy, education, and econ'mics. The sec- 
tion on .greenhouses consists of seven semi-technicah reports on planned 
and already-built units employing a variety oFpassive heating techniques, 
A worthwhile source book. . ', . : 
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Proceedings: A Conference on Solar Energy for Heating Greenhouses 
and Greenhouse-Residential Combinations , 

,:May id-through 23, ]T 977; Cleveland, Ohio ,, / , ' , 
Compiled by: i , / 

■ Ted II Short ." ;- 

Sponsored by: .f„ 

Ohjo Agricultural R &,D Center and Energy Research and ' 
. Development Administration / 
Available from .J 

Department of Agricultural Engineering ' _ _ 

O A R iJ C ■■^■• : ^>^-~:z-. /r .:-:r:-- 

■ Wooster.-OH 44691 "\ ' \ ' .',.- 



1977 



344 pages,. 



$5.00 



This volume summarizes primarily government funded greenhouse and 
other agricultural .solar heating projects and studies. Reports on active 
solar systems and energy conservation- in greenhopses are included in 
the papers. The highly-technical discussions of cutting energy use in the 
plant house will be of use lo'some greenhouse designers. 

Proceedings of (he Conference on Energy-Conserving 
Solar-Healed Greenhouses , 

November 1'J and 29, 1976; Marlboro, Vermont * 

Edited by; ;'. ; ! ' .... 

|olm Hayes and Drew Gillett ' , 

Sponsored by: ,- _ — -2. — ._- 

• Total l:.nvironiii(TnllTrAinj6iTTuicl seven other groups ' '■',':J..A ..: : --r 

Available from, „J.,~'y--- - ~ -- ;t " . ,' . j. 

L > Marlboro College '" . • ,< //-, * 

Marlboro, Vul-mont.(W3-l4 ■ •!'. ; v - : 



1977' 



-!»- pages 



-- -• • - / - ywo 

Pupers by many' of thegiaund-breakets in p«ssiye.SQjafLgr.eenh.ai.ist>-.'desig[i 
V.:kI c or--!:ui t o", make this one nl i!h; best proceedinilx (ionar.L'uLs o:i 
the '-subjects. Many case histories from ali parts' of fne' country, economic 
data, horticultural information', aqu'afulture -along with 'reports on all 
significaht\greenhouse components are included: A mix of technical sum-' 
maries\and projections, general papers, and. socio-economic data is pre- 
sented. A good refer'eniffi book. ■■''./■ . ' 

Proceedings of the International Symposium on 
■ C onlrollcd-Lnvironmenl Agriculture 

A pi 1 1 7 -.'.nd-ii^t.y.?''* I i,i son. Ai :/-o'i,i . 

Edited by:,.' .'...'. " . y ." ./■■•' : -•" '; '." : 

' V.eile ! I ii-r.ii-ll _. 

Sponsored. by ' ' - • ' , 

I: nvironmental Research Laboratory 

University of Arizona . -, " ' 



Available from; 

Environmental Research ( aboratorv 
Tucson International Airport 
Tucson, Arizona 85706 



1976; 



413 pages 



$15.00. 



Commercial greenhouse: background and situation, economics; cultivars, 
intercropping, energy alternatives, transplanting, mj/eral nutrition arid 
CO,, insect and disease control, and energy alternatives are examined 
in reports included in this volume. Active-solar/ heating and power . 
plant waste heat utilization are the main energy sources considered.- 
The presentations included are generaHy quite technical. 

Proceedings of the 1978 Annual Meelingf 

Prepared by: ; - ' ' 

" Karl W. Boer, Gregory E. Franta V--- ^ 
Sponsored by: 

American Section of the Jnternational Solar-Energy Society " . 

Available from: 

A S, of I S i S ■' - '-' 

" American Technological University 

" P.O. Bon 141 6 - 
'.Kitleen, TX 76541 
l'!7H ' ~— „_™™ ™ 



1Q3-;i.&,759 pages (2 volumes) 



$26:50. ISILS meraber, 
$61 ,50 Non-member' 



-ilThis'Sonievvltat^vervvhelriiTrtg collection represents solar healing slate ' 
ot the an through ra-K 197B Nt«;y>:t- on a large passive solar greenhouse, 
modeling and reports' on attached solar greenhouses; and papers '6n 
solar food'/drying wil.l be pf interest to [He; gieenhouse ghovver ,A'II ' 
the papers are relatively technical , ■ '. 1 .'.';">'■•', 

; : . ...,,.;..,...,.:'., - - --' ■-/''■ . 

Proceedings of ihe Thifd Na'fional Passive Solar Conference' 
lanuary 11 through 1 3n T )79;' San lose, California', "'" , .- \ ',' • ■< .' 
Prep, net: !'v * -' . - --V- - 

Harry Miller, Michael Riordan, David Richards * 
Sponsored by: . , 

U.S. Department of.Energy ; ,' 

International Solar Energy Society , 
Available from: ' c !• 

A S. of I.S.E.S: '.''•'-,' 

American Technological University . - 

P.O. Box ',4 ',t» '.'„.'- 

Kill'een; TX 76541 *■ • . ;& 



1979 



C9J3 pages 



$26.50 -ISES Member 
$66,50 Non-members 



'.The quality ol. ISES -passive conference proceedings' 'presentations is 
.improving! eacji year as the field matures. The 1 979 event "included a 
wealth of technical data'on passive solar greenhouse monitoring, thermal 

. ■ • ' . ■ . - >•*' ' . - 
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rrjodeling; materials and products. Reports on sessions on domestio.^rid 
commercial scale, greenhouses, and on greenhouse/dwelling combinations 
kare 'part. of the- proceedings document. This is an essential design-aid 
for the serious energy self-sufficient gYeeijhouse builder. ' , 

.Proceedings: Third Annual Conference on Solar Energy for Healing of 
Greenhouses and Greenhouse-Residence Combinations y- 

April 2 ..through 5, 1978; Fort Collins, Colorado 

Edited by: ■ ' ^ _ ■ ■ ^ ■' 

Charles C. Smith ~T — " " " \~~ '■ ~- ~ . . 

Sponsored by: ... " ' , 

>0.S. Department of Energy v. 

■ U.S. Department of Agriculture - „ : _. 

'rj_ American Society "of Agricultural Engineers 

Available from: ' ' ' , . \ 

Solar Fnergv Applic ations I aboratory '.. 
Colorado St-a-teUni versify i ~ s , 

; ForfCollinCCO '80523 ' ; ' 



, 1978 



117 piiieF 



S7'5() 



Papers clealifig with greenhouse heat loss rcduaion through night insula- 
tion and multiple glazing and with solar heating 'of a variety of green- 
houses are included. Active solar air and water heaters, soldr ponds, fluid 
roof, and uirec I gain-passive hoal.'ig system* aie. detailed in the reports, 
.'.'.the mn jpri tyjof ...the projects suniinarize^re (or commercial size grow- 
ing spaces, although several s.maller/atlached and freestanding units are 
referenced, i ,. ' 



PERIODICALS 



Alternative Sources of Energy 

Published by: '"'■■ . 

■| A:S.Ei >■' ■ 

—\ Route 2 "■""'" ; 

i Milnda, MN 56 '.5 i 



Subs c rj.p t jp n Pri c e :'$15/ye a r 



A bi-nibiilhly magazine iconcarned with energy production from natural 
sources;'and energy conservation, .'issue #36 is a special on solar green 

'houses.: " .....'' ; ' ■ 



New Mexico Solar Energy Association Newsletter 

Published by: " 
N.M.S.E.A. : . ' 

P:0. Box 2004 — 
Santa Fd' N°M 87501 . 



Subscription Price: $10/year. 



This monthly newsletter is one of. the better sources around for information 
on. new developments in low-technology solar in general, and especially 
on solar g reen houses.- . * ' _._ - 1 

New Roofs > 

Published by: . " , : . \ , , 'i\ 

New England Appropriate Technology, Network ./-...■ 

P.O Hox459 - r--|'''.\ - .'.-'...,-.' 

Amherst, MA 01.004 ... ,/ 



Subscription Price: $8/year. 



A bi-monthly magazine focu^ffrg^pn developments in appropriate tech- 
"trslfjgy in the Northeastej:fi*state5. Frequent articles - on solar greenhouses. 



Organic Gardening 

Publlshed.by: . 
Rodale Press 
Fmmaus, PA .18049 



Subscription Price: VtyiMi. 

■■ $16 50/lwo years 1 . 



F/equent articles' on cons'trujnion .nuurtiinngeiiient of scjfnr greenbpus.es. 

. "• ^ " q ', " . ". T- . >' : '6',^ :' ■ (' " \' V'.' — -T 

?■ ' ■ t '" 4 ''';'■■'!■■''■"', ' ' - ■ "'•' 

; •'•■..'■ 1 •: p' i'',i ■ 

'Solar Age * !i . ■ ■ ' , .' ' , 

' . Published by:.- " • : * - ' , ,/ : '' 

Solar Vision, 1 nc. 
'"' Church llri: ','■■•'■''■ 

Harrisville, Nil 03450 ' • . . 



Subscription Price:,$20/year. 



This monthly journal of developments in the solar industry carries articles 
on jsolar greenhouses a 'few times a year, October 1976 and November 
-X977- are-special greenhouse issues. . " 



Solar Greenhouse Oigesl 

Published by: 
/ Solar.Oreenhouse Digest 
J P.O. Box 2626 . , 
,| Flagstaff, AZ 86003 



Subscription Price: $7/year. 

$12/two years. 



Bi-monthly magazine focusing on the design, construction and manage- 
ment of solar greenhouses of all sizes. 

transitional Network for Appropriate/Alternative Technologies 

Published by: . ' •' 

TRANET ; - . ■ '. " 
P.O. Box 567 ,, ^ , : . . 

Rangeley, Nr 04970 ; •' ■•- . ' "\ ' 

' , ... ■ - Membership-Price: $15/year. : 

A quarterly newsletter-directory of 'people involved in appropriate tech- 
nology. A good solar greenhouse design/research project reference. 



PLANS AND PAMPHLETS 

'An Attached Solar Greenhouse 

Prepared by: . 

Bill and Susan Yanda 
Published by: - : ; 

, The Lightning* Tree ' - 

P.O.Box 1837 > 
' , Santa Fe, NM. 87501 ■ 



1977 



17 pages 



$1.75 ', 



Instructions for the f design, construction and managementof a solar green-', 
-house. Each step is presented in English and Spanish. The manual tells 
how to build a low-cost unit in a simple, understandable style. 

Be^dwall System Window and Greenhouse Plans 

Prepared and • 
Published by: : 

* Zomeworks Corporation. J 
• P.O. Box 71 2 . %'j < 

Albuquerque, NM 87103 ■• ■ . 



1977 



7 pages 



$1 5.00 



Complete blueprints and instructions lor a "Bead Wall" movable insula- 
tion system and a greenhouse. A license to build a 140 sq. ft. Bead Wall 
is included. 'Such a movable insulation system typically costs about $8 
to $10 per square foot to builcly 



Construction with Surface Bonding . 

Agriculture Information Bulletin #374 

Prepared by: 

B. CarLHaynes, ).W, Simons 

Published 
( U.S. Department of Agriculture 
Agriculture Research Service . 
-Distributed by:' \. s . 

Superintendent of Docurhents 
U.S. Government Printing Office .' 
Washington, D C. 20402 .\" 



1974 



18 pages'- 



:$.45 



Describes concrete block wall construction irf which blocks are stacked 
dry, -then trowelled, on both surfaces with a cement-glass fiber mixture. 
A stronger wall than a conventional mortar-joint blo'cVwall is the result, 
wit/i a .considerable time savings. This technique is especially useful, 
for an inexperienced block-layer. "\ 

Noli Solar Greenhouse Performance and Analysis ~ i. 

Prepared by: "x, 

Eric Hoff, David lenkins, |im Van Duyn . ' '/■ . 

Published by: 

University ofJDregon '4 ' ■ •' -.v 

Department of Agriculture ' * 

Eugene. OR 97403 '-" " , 



1977. 



32 pages 



$2.00 



A low-cost fir ip'ol'e; post and beam greenhouse designed and built by 
University of Oregon students is detailed in the booklet, Specification 
and schematics revealing the back wall and gravel fjoor heat storage; 
sod roof; anct.frnmip construction are presented, very/jriearly; A detailed 
thermal. analysis of the building's performance in-alLseasons is presented. 

Plastic Greenhouse Manual: Planning, Construction and Operation 

Prepared by: • 

Raymond Sheldrake, Jr., Robert M, Sayles 
Published by: ' ! ' 

Department of Vegetable Crops 
. New York State College of Agricultural and Life Sciences 

Cornell University . '■--.. 

Ithaca, New York,14850 ; ^ 



1977 



21 pages 



$2.00 



This design guide details useful techniques, for use in commercial green- 
houses glazed with plastic films. General data on plastics and -specific 
instructions on building the Cornell Exterior. Plywood Gussett Design, 
(for 86? per sq. ft. of building floor area) make up most of the book:? 
While this design isn't for an energy efficient unit, some useful construction 
procedures are presented. - ,- A- ' 



Solar Frame Plans 

PreparecJ'ancI . ' ■ : 
Published by: 
. Solar Survival 
■P.O. Box119 
Harrisville, NH 0345q 



3 978 . 



5 pages 



$6.00 



Blueprints for building a cold frame witlvwater drum heat storage and 
a manual beaclwall/cover movable insulation system. Solar Survival of- 
fers these plans as a very low-cost alternative to building a complete 
greenhouse. . '..-'" 

Solar Greenhouse Construction Drawings 

Prepared by: « / ' 

Farallqnes Institute '".'■•* 
Available from: ■ *•--■•' ' ' 

Farallones Institute . 

1916 5th Street X. 
Berkeley, CA 97710 _ ' ' 



9 pages 



Plnns for a low-cosl; woodframo polyethylene covered greenhouse. The; 
freestanding unit defined in I ho plans should be buildable lor under $5' 
per square fool in materials. A .m'aierials list and'cle.lr canstri.it lion 
detail drawings ar('' included for the IV X 16' structure-:' . 

A Solar Greenhouse for Mesa College i * 

Prepared by: . •'■ ' • j 

( love i' Jenkins .. .! •:. 
Published by: ,'""-.- ,.''■■• 
. , G rand Junction Public Energy Infornialinn Olfici' ■ ' 
'' ' 250 Nort'hMtT. . " ■■" ■.' ■ ■ " . - • ' 

' Grand Junction, CO ■ Ml 1501 ,• . .'-.'i ; ' '" ' . ' • 



1 978 



51 pages. 



$3.00 



A workshop manual prepa.red for a solar greenhouse construction work- 
shop held at Mesa College in fall of 1978. Contains heat production basics, 
food production basics, construction details and plant management 
inlormaiion: The greenhouse presented is buildable for 
square fyOl in materials - . 



about $5 per 



Solar Greeriliii 

I'repared by:/ 
Maine Aufli 
Available Ir^ni 



>use Concepts 

)on Society 

Available frJim; 

Cornerstones foundation 
54 Cumberland Street 
Brunswick, Mf 0-1011 

1979 I ~" ' - 



I 2 page's 



$1.50 



163 



/ A general introduction to solar greenhouses including' treatments of 
• t .. units employing direct gain, water walls, and remote heat storage, .Rule 
of thumb for Maine greenhouses and'a bibliography are included. Useful 
for explaining the basics to someone with no knowledge of solar-reliant 
greenhouses. . ■ i 

Solar Reliant Greenhouse Plans 

Prepared by ., 

Domestic Technology Corporation • • " ~ 

' Published by: . . .' . 

Solstice-Publications 

P.O. HoOiM ! V ' . . i» 

Ev.ergreerrrC(^ 80439 - : - : '= .. -■- .:: 



1978 



3 P>^e: 



$7.50 



Some-of the more complete blueprints a-vaila-lbe for a frWWanding 
reliant greenhouse. .Water drum heat storage and movablg^flight T 
tion panels are featured. - Nc-'"*" 

Two Solar Aquacullure Greenhouses for Western Washington: 
A Preliminary Report "" - ' - 

Prepared by: ' " — - • 1,.. :----'"-'' 

Woody find Becky Deryckx "■•-1 S J^ 
. Published by: '■■",' • 

Southfork Press 
. Available from: 

I lu liter Action Center 
Fvergreen State College . r 
" Olympia, V\'A 98505. _ \ 

1976 — - - -19 Pll ges 



soiar- 
Visi(#B 




v:i4h 



00 



A description of a solar ! heat°ed greenliouse wijh an aqiiacultun 1 ^ank-j 
built into the base of the parabolic back wall. and n. circular dohic'igreen- ' 
house built; ;afou'nd a, central, 'circular aquacultiife tank. The booklet 
contains lots of Information on aqua'culture. A good source tor design' 
concepts — very limited construction details, ; 

i 

Vocational Region 10 Solar Greenhouse ^ '•" 

Prepared by: . 

Jonathan Corham ' : 

Published by: ■ .' ' ' ■• '\ . ' 'l 

Maine Audubon Society . . '• - 

118 Old Route One - * - 
Falmouth, ME 04105 - '■* 



1978 



.3tS-pages 



-$5.00 



A cferriciilum booklet developed to help vocational schools become in- 
volved in alternate, energy projects Greenhouse design fundamentals,, 
construction instructions, and materials concerning the development' of 
a renewable energy curriculum in trifde schools is included in thebook. 



GREENHOUSE SUPPLIES 
AND 



COMPONENTS 

- This source .list: provides' access to sdme materials of value in green- 
house construction, maintenance, and management that may not be 
available, in some areas. Supplies that are .normally stocked in most 
building stores such as" lumber; caulk,, and insulation are not included 
here. Prices are quoted, where available, for purposes of comparison 
only. the rapid price increases being. experienced with tjiany building 
materials preclude accurate cost. data in. this index: These' prices rep're- 
seat suggested retail pric'es in. May of 797$. : ... , 



1 64 



_ Bio-Energy S.ys.tems ...!'.,. 



\ " 



GLAZINGS 



Mountaindale Road ; 
Spring Glen; NY 1 2483 



(91-1)434-7858 



"Sola 'Roll" synthetic rubber (EPDM) glazing extrusion systems for, green 
houses. -.025" to .1,25" flexible or rigid glazing material can be installed 
water-tight with Bio Energy'A System Cnsris a little under J2.00 per linea 
foot for GF-1 flush glazing extrusion with a L-1 Locking strip. 



Broth 



Rt. 1 , Box T07AA . 
Santa Fe', NM • 87501 



(5(15)455-7550 



Greenhouses glazings including Acrylite SDP, Lascolite, and Lexan. 



Chave and Early, Inc. 



1 460 Broadway . 

N'e w York, NY 1 001 9 H; , (21 2) .191 |0|0 

"Lpretex"po|yethylene strand reiriforred poly film •manuf.u:li7ror..Tt>nr 
strength and lifetime of I oretex are increased by the atklition of the fiber 
reinforcing and UV inhibitors over the values for untreated polyethylene. 
Two to three year replacement is typical for Loretex Available direr I 
from Chavc and Early in 72" widths by any length for 8'l./sq fl plus shipping. 



Chemplasl, Inc. 

Wayne. N|. 07470" 



/.201).(>%-4700 



Distributor for Martin froc.e|^M'-.s *'i.liimar" y V inhibited pciiyiister film. 
The Materia!, ( is designed al?anong-li(e (al^tit l'5.jye'ars) outer glazing 
for greenhouses and solar collectors.' 5 mil lJurnar comes. in 26". -38", 50", 
and 60" widths in 5fi or 100 .foot rolls. .7 n*i i I thick pes£cpmes- in 48" width 
by 50 or 100 foot lengths. Price ranges from 48 to 58'.' per sq it tor -'i.m.T. 
and from .81 to ( S1.20 per sq. ft. for the 7 mil thirknes-, dep.-ndirn; 
on quantity (FOB Wayne, N|). : '■ 



Cyro Industries 



Filon Corpora ion 



165 



■12333~Van hi.&is Avenue 
Hawthorne, t,\ 90250 



(21,3)757-3141. 



"Filon" Fiberjj lass-,and nylon reinforced acrylic-fortified polyester resin 
.panel •manufai:ture'h,Poly 'Vinyl floride (Dupont's Tecllar) coated Filon wilk 
last-ten to fifteen years when used as an outer greenhouse glazing. :Cor- 
rugated sheets of the;raaterial come in a 51 7»" width with 8, 19. 12, 14'4", 
. available.-, Rolls of flat, 1 Filoh r^ome in 50, 100, and 110 
foot' lengths with.34, 36, and 48" widths. Prices range around $1 .00 per 
ing on quantity): Contact Filon for a dealer list. - 



and 16' length 
foot- lengths v, 
sq.. I!. (depend 

GerierallElcclr 



Appliante Part 
LouisvillcyKY 



c Company 



■10225 



'"l.exan" polyc. 
sheet makes n 



(502)452-4021 



rbonate sheet anrhfilm m,iinifaclur'i v r--fiO' mil 4' x 8' l.exan 
long-lived ou.ler glazing:(p|-'$l;0t)!pci sc|"7' 1*^5, nnrl 20 mil 



I ex.m film is good for inner'glazings (1 ( 5 and fit) 1 ! per 
The film comes in'4' wide rojls of various 'lengths, lb 
local dealer 

Kalwall Corporation 



I t,,';r('sp>pUyeK') 
•• k with < . I ::.r 



(III Pine Slreel I 

Manchest er, NI 1 0301.1.. _ _ ; 'L_£ \ 1 (603) 61.1)81 lid 
•,,"Suhlite",,fib.erl;lass glazing manufacturer Sunlite comes in -I .mil 5; fool 
wide rolls in 'lengths to 1 200'feel. Pri< es .ire 59<l7sq K| for .0215", 7 Ifl/sq 
ft. for.JMO" ami 97'1/sq, (f. for the ,060" thickness. hloiYbjc-glazed panels 
thai are'bonded 10 an extruded aluminum frame are available lo fit 2 x 8 
foot, 3 X11 foot and -1 X (1, 10, 12, or 44 foot openings *orft:»X)0/sq it All 
prices are^ plus shipping. Check with Kalwall for a distributor in ifour 
state, . .if there is nope, they will sell direct! 

Lasco Industrie^ 

^255 t..Mt.Sh 
Anaheim, CA .9 



"Cryslalile"; i it-V 
available to' co 
d.rd Prices 
source. » 



2)106 ' I ' (714)993-1220 . 

rglass glazing manufacturer. The corrugated panel's are 
''or 2 and 4' loo! widlljis; lengths of 11, 40, 12,Ueet a re. is tan-, 
obtainable from distributors — contact for a local 



Kolim and Haas 

'pendencri. 
PKdadelphiri, I- 



1 uffak- 1 winw 
tu rer. uffak'-T 
duce heat-loss 
foot by ,220" th 
SI .47 in '/„ 
-and Haas or c lii 



Company 



. (215)592- H)00 



•lallWesI \ 

■ ,19-, us V _; t . ^ LL ^^ 

I',' polycarbonate an:l "Plexiglass" acrylic sheet manulac 
. w.inwal" is cash with an '/j"\yuare internal, airspace to re- 
through-lhe glazihg. Cost is '$1 9'5/sq. ft, ( comes In 4 foot|by 8 
hick sheets). Plexiglass in 4 x 6 foot and: longerjsheets costs 
thic khess and J.2.43 for olsc], ft. of Va ' t3in terui I . Ccintnct R'ohoi 
c:k your yellow Images for «» dealer \^ ' \ '~ | 



3M Company ' ■ . 


3M Center Bldg.*223-2-2VV ' 
St Paul; MN 55101 


I ■ ... i!.'.': 7 11 0101. 


"Flexiguard" polyester/acrylic film manufacturer 
able from 3M for 522H for a 4' X I 50' roil (381 ft.) 
sample roll. All prices are FOB shipping point. 


j\ he fmaterial is avail-' 
6r i36 .00 for a 4' X III 

1 ! 


Norman B. Saunders 


. \ 


15 Ellis Rd. " . ' . / 
Weston, MA 02] 93 / 


(617)894-4748 


Supplies glazing extrusions ./. 

Maxi Seal , — < 
Lane Maxwell Enterprises / 




4303 Rawhide Road . / 
Pueblo, CO 810011 ; ; / 


; (303) 542-91106 



~ This EPDM rubber seal holds promise for use in sitc-buil) collectors and- 
solar greenhouses which use fiberglass reinforced plastic (FRP) glazing, 
The assembly assumes the use of flat FRP, (e.g. Kalwall); which is wide 
enough lo provide a I'/j-'inch overlap on rafters, absorber mounts, eki, 
This is normally done by spanning 49 .• im h FRP bv.er rafters which are 
24 inches on center and using Maxi-Seal onevery other rafter. ThtrMaxi- ; 
Seal is covered by a 1X2 or molding secured with rustproof'fasleners,// 
Double-glazed installations use .Maxi-Seal on the outer lasers only, with 
the inner layer simply overlapped and held with 1X2 spacer's over the 
rafters. ■ " ' " ; * 

U-shaped molding is available for/use at fhe.edge of the glazing surface. 



KITS-SUPPLY CATALOGS 

C hurley's Greenhouse Supply 

l'2HTs T N r r T24ih'St77^M ~ ~ ™ ~ ~^~ r ~ ~ ~" "'' " • "~ 

Kirkland, VVA 98033 ^ ^ '__ - _ _' _ J (21)6)82:1-1616 

Greenhouse 'supplies and accessories catalog; $1 00 (refundable on pur 
chase), .dealer . foj Thermol'or vent operators 

'.'■■•• '■;.'.. 

Domestic Grower's Supply, Inc. * " ' *~ j I, 

P O. Box 809 7 '' , ' 

Cave lunttion, OR 975 23 ^ (5 03) 5 92-36 1 5 

Creenhou.se supplies and instruments, catalog for $1 .00 (refundable on 
purchase). '.' 
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.A. Nearing Company . 



■ ■■■»■■ 

. } ' • : I .. 

The Exchange 

286.Congress-Street 

Boston, MA 0221 ' -— : -', (617)41)2-2727 

.Reeyt led industrial equipment and surplus material' marketer. Fly ash (for 
low cost . cement) and other ihddstrial.waste-products along vvith all kinds 
of new and used machinery at considerable savings — usually, in bulk. Get 
in touch with the. Exchange for information on a specific need. . chances 
are they'll be able to fill it: ■ " 

Friends of the Sun - • 

210 Main Stiee!' . 

Brattlebore;,VT 05301' ; \ '. (802)25 -4-4208 

Greenhouse components, growing, and maintenance supplies. , ask for 
theirjclesc'ripliye brochure to be available by fall of 79. 



Cuard'n Gro Cloche Company 

(VI Cromary Way \ i 
Inverne ss, CA 949 17 . 

"Guard'n Gro" poly-propleno cloclie manufacturers. These -12" X 18" x 21" 
mini-greenhouses weigh under five pounds . $19. 95 plus 11.00 postage from - 
Guard'n Gro, ■ ■ \ ' 

■ ' " ' ' \ ■ " > < , 

lacillade Lumber 

\Vi[ha£ns|own,V I ()5()79 ■> ■ (802! -i HSI'. I 

Greenhouse components And free advice. on energy-efficient house and' 
'greenhouse design to customers. 

- Don Lewis Associates . ' .. . 

105 Rockwood'Drive \ ' ■' ' ■ } , 

Grass Valley, CA 95945 . \ ■ !' . : , ' 1 , (91 6) 272-2077 

"Solar Site Selector" is a valuable, tool for. determining if a potential 
building site will have enough winter sunlight for a solar greenhpuse'or 
other .solar .system, A curved,, transparent sun-chart mounted on a' metal 
base pi, -.led is. .■designed to be attached to a tripod for direct sighting of _ 
obstacles/shade soyrces on the.site, . .really simplifies the site planning ~ 
process! , ; ■ ■ !• s , ' , 

Mellinger's, Int. 

North Una, Oi l 44452 j ■ ■ ■ / ,! ■ , (2TtyT5^ jo61 - 

Free greenhouse supplies catalog. . jdealer for Thermofor vent operators. 



9930 ;).'A is A\e;u:e '"■'.., . 

Laurel, MP 20810 ■ \ ; . : ,v (301) 498-5700 

Greenhouse "kit catalog;^ SI 50. Their gl'ass/pipe frame greenhouses are 
available as attached hpuses.^easilv stSlari/ecl although not specifically 
designed as a solar-reliant greenhouse. "'■•.. x , 

, ■ : o '' ' , , „■>■"'■ . ' '■ . 

Pacific Coast GrcenhousevMfj;: Co.' 

8360 Industrial Avenue • .''•■'' " , 

Cotati, CA 94928 -, - -:.".■ v ' !.:■ 071 795r2164 

Solar greenhouse kits inctading compoTTpnvy and aquaculture com- 
ponents—also therrrially masked window greenhouses, and cold frames. 
.N.Q_dsita_was..avaiI'ab'le-on PGG's solar- greenhouse kits. at this writing — 
these .Will be available by the end of 1979. Conventional, redwood frame, 
fiberglass and glass greenhouses in all sizes are currently manufactured 
and marketed Send for ,\iree.cataVoy ■ 

Solar Room Company 

I' ( ) l'iorf.577 T ~~ " - ■■■-■■---^ r .-™-,-;. 

L^. NM t' 7 '' 71 ' ;„„,„,,,.... 1 _ _ , !S/>5) 758-9344 

Greenhouse kit — designed, lo be added to the south side ot a building |p 
function as a solar heater ThvUV inhibiter polyethylene skin/galvani/eij 
steel frannfi kits are warranted tor ;) years Contact Solar Room for a 
brochure and prices 



Solar Survival 

Cherry HiM Road . •' ' ~ ~ " " ~ T1 •-.'-.' 

P.O. Box 119 ... ./. ' -. '; 

Har'risvi ll e, N'H 034 50 .' ' ' . \ . 

Kits for solar "pods" .'.r.d .ones as well .:- plans and materials for a 
"Trisol" add-on solar greenhouse are offered (for sale) from Solar, Survival 
Solar cones are made from a single piece of flat/fiberglass glazing, 
bolted into a 15*inch or 30 inch cone These' mini-greenhouses cost 
$8.00 .fois. the -smaller design and .$16.00 -for the 30 inch model. Solar 
pods; like cones, are suitable; for, extending growing seasons, but are' 
larger, Glazed with fiberglass, solar pod k:ts . ns( $11,0 Even larger is the 
"Trisol" solar greenhouse — a triple-glazed growing structure with inte- 
grated masonry heat storage/sltucFure. the Trisol Kit costs' $2500. 



,T21-60 Glay Street 
Denver/CO 80211'' 



{303) 455:3309 



"Solera",. solar greVnhouse.klts include active and/or passive solar systems^ 
These lean-to type kits" include prefabricated roof and wall modules in 
4 foot sections. Framing is redwood; glfi/ing is'Acrylite SDP. 3 Vi '.' poly- 
styrene foam insulation, and a solid core door are included in end walls. 
A one year materials and workmanship guarantee is provided.. 



Slurdi.Built Mfg. Company" 



/1 1 3Q4.SW Boones Ferry Road 
Pqrtland, OR 97249'- 



(503)244-4100 



Free green hoiTst: kit catalog. Redwood .framed glass and fiberglass glazed 
greenhd\ises'-iaelud(ng';unils_ that are easily made "solar reliant." Sturfli- 
Built also is a.dealer for Thermofor vent actuators" " • ' ■ 

Icxas Greenhouse Company 

, 271 7 Si, Loiiis Avenue . ■ — ' 

F511I Worth, TX 761 10 7 . (617) 926 5447' 

''Redwood aw/ 'galvanized sleei giass greenhouse kits iiu-iudin^ seWal- 
ihal look "solarizable," Tesas Greenhouse also c arries a c omplete line of 
greenhouse suppli'tV and ..instruments. Both kil and supply c atalogs are 
available (re'e, 

I urner Greenhouses 

__ -r^r^rzir^'J^-zzrr;:::-" . 

Goldsboro, NC 27530 - • . ' ' , (919) 734-11345 

Greenhouse kit and[ growing supplies™ catalog — iree. Rectangular, free- 
standing .and lean-to type rust-proofed sleel framo/fibergfass or, poly-' 
elhylene glazed. greenhouses are featured in Turner's/ catalog, No'empha- 
sis is put on energy conservation but their iinils_hayi?'tluii.paltiiitial, : 



Vegetable Factory, Int. 



1,00 Court Street 
\Copiague, NY I I 7 2d 



{UOO)221- 

(51f))f.l42: 

J. 1. _ ' , ■ . f rom, NJ' 

Greenhouse' kits catalog — one of (he first ha-lional greenhouse 
manufacturers- to promote energy-efficient greenhoOs-es. Their " 
Panel" greenhouse kits utilize two fiberglass 'reinforced ac rylic gl 
layers bonderktp.a rigid aluniinunr trame,~Tlluslratk)ns o'i their le 
model attached to a mass wall are included in .Vegetable .Far 
free c alalog ' '■' 



2550 
9300 
State 

' kits 
Solar 
azine 
an- to 
lory's 



^0:Box574"'' 
Falmouth, MA 02540 



{(>!7).5h! 9337 



Controllers designed for hybrid solar greenhouses thaWary air-flow to 
storage according to temperature. The W.H.\S. "Ple.MSp'fcdntroller '-in- 
creases, blower -speed in 16, 35 RP.Vt increments starting at the adjust- 
able low setting and reaching maximum :5u0 KPMi at I0°C above that 
setting, -V" 



VENT AND WINDOW TREATMENTS 

Appropriate Technology Corporation 

TFcTfoToTs^^ " ~ ~~~~\~ ~" ' " 

' Br at lle b oro; V I 05301 ;' ' \ («02! 2.57-1773'. 

"Window Qntlt" msu la ling pojyester window shadel manufacturer. When 
closed, the shade reduces heat loss through a single glazed window to 
one-fifth the uninsulated value- (R 4-5 years R 9) The foil lined polyester 
quilt is air sealed bv plastic tracks on the sides ancT by pressure against 
.the window trim aft op and bottom, when down Thelsliacle materia? rolls 
'u|) like a normal ■ [window shade, when not in'ose i $4 25/s<| ft is the 
suggested retail pr;ice for Window Qui ft c heck wi(h AT Corporation 
lorjhe name of the; nearest dealer i 

Branien C cinipany, Inc. - " '■ 

. ., _ . , .. r _ . 

Sa lem, MA 1970 

"Thermofor" thermally-active 
The units can be 



: \ (bl 7) 745 -7765 

vent- operator importer}, and distributors. 

set ui ssai! \.e::t operation at 'any \ temperature .be-... 

tween,55° and c3t)°F and will open" completely when temperature gains. 
20°F above thestaVting setting. .Thermofor can lift aveni up to 31) pounds 
up to 12;; r Thermofor cj fries a 5-year warranty ami costs !$4>;i 50. 



Celanese l ibers Marketing Co. 

1211 Avenue of the Americas 
New York/NY 1003b 



. ' \ • f _i (21 2,1 764-H303 

"Polar Guard" tiberlill insulation for use in insulating Shades. Contact 
<Celanese Fibers about a local source (or Polar Guard, 



Dalen Products, Inc. 



"20,1 Sherlake Drive" •'•''"''■, ' 

Knoxville.TN .37922 ' , ' • ' (6 1 r >) 69(1 005 

"Solarvent" therinnlly actuated vent opener nianufn.CUirer. .opens ?a . 
nine pound vent 7' : "(will lift up to. a twenty pound vent with the counter 
"balance spr-iny accessory). Solar-vent begins operation at. 6f!°f : and* is fully 
extended at 7 5 F . Cost is $24.95 (postpaid) for (he actuator and an ad- 
ditional $3. 25 for counter-balance, springs. You can order direct from 
Da-len.". .a six-month, moneyback "guarantee is offered. 

Duracote Corporation 

350 N. Diamond Street .. "' 

Ravenna, OH 44266 ' (21 6) 292- 3486 _ 

"Foylon" g/eenhouse shad ing/i.nsu la ling material from Dura cote consists' 
of a thin sheet of aluminum foil bonded lb a variety of natural and , 
synthetic fabric reinforcements'/ .'The' "rol, mildew, and flanH'-resistant 
'material was shown to rtWice annual fuel costs by 57% in tests done al 
" Penn Stale. Available 'from Duracole in 2Q0 yard X 54" wide rolls f or $2 (15 
"""per. vaid((:4': perse: il • plus -!np:nng :oi :v;)i'2437 : - ■— 

Heat Motors, Inc. 



635 W, Grand view Avenue 
Sierra Madre, CA 91024 



' ti 15', 1 1 * i '. ! f 

"Heat/Motor" thermally actuated vent operator inanMjncJyiwr^rtflu _a . 

TOjioIThcl vehrV (or e,\'ch,10°l r "feniperaluie ri^w-tlhr'/r Mark VI Heal 
Motor."' Starting temperature can be set a! a'lv \ ,du<' between 50° and 
9Q°I"; total lift is 6", Cost jsJ6(y 10 "plus shipping. If you're interested in^ 
lifting the entLr^-iooHoryeiitilation, a Mark I Heat Mo t or w ill l i f t -S^atl * 

..pounds one inch for each 10°F temperature rise! Cost is J2.(X)0.00. Con- 
tact Heat Motors for a local dealer name. • !. 



> Insulated Shade Company 

17~Water sTreeT 1 "" ^ ~~~ Z-.^- ' " ~~ — — — - . , - 

/./ Guilford.CT 06437 . ' ' \ , •...'."". "", ■ ,■ 

"H'igh R" insulating shade manufacturer. The I S. shade is composed of 
five layers of reflective' plasljc film that are held apart by pjastic: spacers 
when in the down position, 'The "shade material (discounting air j'nfiltra- 
tion around its edges) gives and RIS when in the down position. PVC heads 
($1.25/lin. ft,) can be bought for shade Installation, or seal strips (liDC/lin. 
ft ). can be purchased for use with site be It wood jambs & heads: HiglvR 
shade ninterial costs $2,75 per sc|. ft. .and shipping. ' 
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